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Preface 


As not many books are available on Experiments in Applied 
Chemistry, the students of technical institutions have mainly to depend 
on class notes or spend much time and labour in collecting material 
from various sources. This book is an attempt to fill that void. We 
have endevoured to cover a large number of experiments-which are of 
interest to students of chemistry in technical institutions. The book 
will also be of assistance to teachers in planning laboratory work. 

The book has been divided into eight chapters. The first chapter 
describes the preparation of solutions of reagents needed in the various 
tests included in the manual. The second chapter comprises a number 
of elementary experiments which are intended to give the students a 
practical knowledge of the concepts of chemical equilibrium and 
speeds of reactions and the factors that govern them. The chapters on 
Water, Lubricating oils, Greases & Emulsions and Coal describe the 
methods of a large number of tests that are routinely carried out on 
these materials, The sixth chapter deals with the analysis of certain 
ores and alloys followed by a chapter that describes the analysis of a 
small number of industrially important materials. The last chapter 
provides solutions of exercises given at the end of various experiments. 
It is hoped that this chapter will equip the students well for the viva- 

: voce examination. 

This book is the outcome of many years of experience in conducting 
laboratory classes in applied chemistry. A large number of books have 
also been consulted and are listed’ under Bibliography. The salient 
features of the book are: 

(i) The theoretical principles on which the various tests are based 

have been elaboratively explained. 

(ii) The significance and utility of the various tests have been dis- 
cussed in detail. ; 

(iii) For each method important precautions and their ‘why’ have 
been given. 

(iv) To help the students probe their grasp of the subject matter, a 
number of exercises have been included after every method. 

This book could not have been possible without the able guidance 
and valuable suggestions of Dr. R.L. Kaushik, Professor and 
Chairman, Department of Chemistry, Regional Engineering College, 
Kurukshetra and Prof. R.N. Kapoor, Professor, Department of 
Chemistry, Delhi University, Delhi. We also acknowledge all the-help 
and encouragement received from our friends and colleagues. 
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Despite our best efforts, errors may have crept in. We will be 
thankful to our readers for bringing them to our notice. Suggestions 
for improvement will also be received with gratitude. 
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Preparation of Solutions of the Reagents 


1.1 Alkali Solutions 


Ammonia solution (1:1) : Mix equal volumes of concentrated ammonia solu- 
tion (Sp. gr. 0.88) and boiled-out distilled water. 


Ammonium hydroxide (5 N) : Dilute 333 ml of concentrated ammonia solu- 
tion (15 N, 28.4%) to 1 litre with boiled-out distilled water. 


Potassium hydroxide (5 N) : Dissolve 280 g of A.R. KOH (Mol. wt. 56) 
pellets in 1 litre of boiled-out distilled water. 


Sodium hydroxide (5 N) : Dissolve 200 g of A.R. NaOH (Mol. wt. 40) 
pellets in 1 litre of boiled-out distilled water. 


1.2 Buffer Solutions 


Ammonium chloride-ammonium hydroxide buffer (pH ~ 10): Dissolve 68 
g of A.R. NH,Cl in some boiled-out distilled water. Add 572 ml of con- 
centrated ammonia solution and dilute to 1 litre. 


Calcium precipitating buffer (pH ~ 8): Dissolve 6.0 g of A.R. (NHi)2C2O, 
(ammonium oxalate) in about 100 ml of boiled-out distilled water. Add 
144 g of A.R. NH; Cl, 13 ml of concentrated ammonia solution and dilute 
to 1 litre. 


Phosphate buffer (pH 6.2-6.5): Dissolve 24 g of anhydrous disodium 
hydrogen phosphate (Na:HPO4), 46 g of anhydrous potassium dihydrogen 
phosphate (KH>PO,) and 0.8 g of EDTA (disodium salt) in 1 litre of 
distilled water. 


1.3 Diluted Acids 


Acetic acid (5 N) : Dilute 287 ml of A.R. glacial acetic acid (17.4 N, 99.5%) 
to 1 litre. 


Hydrochloric acid (5 N) : Dilute 430 ml of concentrated A.R. hydrochloric 
acid (11.6 N, 36%) to 1 litre. 
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Nitric acid (5 N) + Dilute 309 ml of concentrated A.R. nitric acid (16.2 N, 
72%) to 1 litre. 


Sulphuric acid (5 N) : Add slowly 139 ml of concentrated A.R. sulphuric 
acid (36 N, 96%) to distilled water, cool and dilute to 1 litre: 


1.4 Indicator Solutions 


Calcon : Dissolve 0.2 g of the dyestuff [sodium-1-( 2-hydroxy-1-naphthylazo) 
-2-naphthol-4-sulphonate] in 50 ml of methanol. 


DPD (N, N-Diethyl-p-phenylenediamine) : Dissolve 0.15 g of DPD oxalate 
or 0.15 g of DPD sulphate pentahydrate or 0.11 g of anhydrous DPD 
sulphate in boiled-out distilled water containing 1 ml of dilute sulphuric acid 
(1 part SO; + 3 parts water) and 20 mg EDTA, Dilute to 100 ml. 


Erichrome Black T : Dissolve 0.2 g of the solid dyestuff in 15 ml of 


triethanolamine and 5 ml ethanol or dissolve 0.5 g of the dyestuff in 100 ml 
rectified spirit. 


Ferric alum : Dissolve 25 g of Fe(SO; ):. (NH:)»SO..24H2O in about 100 
ml of hot distilled water. Add 10 ml of A.R. HNO;, boil (until the reddish- 
brown colour changes to yellow) to expel nitrous acid. Cool and filter. 


Ferroin : Dissolve 1.485 g of o-phenanthroline monohydrate and 0.695 g 
FeSO;.7H20 in boiled-out distilled water and dilute to 100 ml. (The indicator 
solution itself may'be purchased from the market). 


- Methyl orange : Dissolve 50 mg of methyl orange (free acid) in distilled 
water and dilute to 100 ml. Filter, if a precipitate is formed. 


Methyl red : Dissolve 0.1 g of methyl red (free acid) in 100 ml of hot 
distilled water and cool. Filter, if necessary. 


or 
Dissolve 0.1 g in 60 ml of distilled alcohol and add 40 ml of distilled water. 


P-Naphtholbenzoin : Dissolve “1 g of the indicator powder in 100 ml of 
isopropyl alcohol. 


Phenolphthalein : Dissolve 0.5 g of phenolphthalein in 50 ml of ethyl alcohol 
and add 50 ml of boiled. 


-out distilled water with constant stirring. Filter, if 
necessary. 


Potassium chromate : Dissolve 5.0 


iad g of A.R. potassium chromate in 100 ml 
of distilled water. 
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Sodium diphenylamine sulphonate : Dissolve 0.2 g of the substance in 100 ml 
of botled-out distilled water. 


Starch : Add a little distilled water to about 0.5 g of soluble starch (A.R.) 
taken in a beaker. Stir with a glass rod and heat to make a transparent paste. 
Pour into it about 100 ml of boiling distilled water with constant stirring and 
cool. 


1.5 Standard Solutions 


Alcoholic potassium hydroxide (N/100) : Dissolve about 6 g of A.R. KOH ~ 
(Mol. wt. 56. Eq. wt. 56) pellets in 1 litre of isopropyl alcohol or ethyl 
alcohol (distilled from potassium hydroxide) by boiling. Allow to stand, filter 
through sintered glass crucible and standardise with N/10 oxalic acid solution. 


Prepare N/100 solution by appropriate dilution with isopropyl alcohol or 
ethyl alcohol (the same solvent as used in the preparation of the solution). 


Copper sulphate (N/10) : Dissolve 24.96 g of A.R. CuSO .5H2O (Mol. wt. 
249 .6, Eq. wt. 249.6) in boiled-out distilled water and dilute to 1 litre. 


EDTA (N/50, 1 ml EDTA = | mg CaCOs): Dissolve 3.7225 g of A.R. 
disodium ethylenediamine tetra-acetate dihydrate (Na2H>C))H:2O.N>.2H2O, 
Mol. wt. 372.25. Eq. wt. 186.125), dried at 80°C, in boiled-out distilled 
water and dilute to | litre. 


Ethyl acetate (M/25) : Dilute 4.0 ml of pure ethyl acetate (Mol. wt. 88.1, sp. 
gr. 0.9005 g/ml at 20°C) to 100 ml with boiled-out distilled water. Measure 
97.85 ml of the above solution and dilute to 1 litre with boiled-out distilled 
water. 


Ferrous ammonium sulphate (N/4) : Dissolve 49 g of A.R. Fe(NH;)2(SOs):. 
6H:O in boiled-out distilled water containing 10 ml of concentrated sulphuric 
acid and dilute to 500 ml. Standardise with N/4 potassium dichromate 
solution. 


Ferrous ammonium sulphate (N/100) : Prepare by appropriate dilution of the 
above solution. 


Hard water (1 ml = 1 mg CaCO;): Add slowly a small amount of dilute 
hydrochloric acid, through a funnel, to 1 g of anhydrous CaCO; (A.R. 
grade) taken in a conical flask. Boil gently to remove CO». Heat to dryness 
on a water bath, Dissolve in boiled-out distilled water and dilute to 1 litre. 


Hydrochloric acid (N/2) : Dilute 45 ml of concentrated A.R. hydrochloric 
acid to 1 litre with distilled- water and standardise with N/2 sodium 
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carbonate solution using methyl orange indicator. Make exactly N/2 by 
appropriate dilution, 


Hydrochloric acid (N/10) : Dilute 9 ml of concentrated A.R. hydrochloric 
acid to 1 litre with distilled water and standardise with N/10 Na2CO;. Make 
exactly N/10 by appropriate dilution. 


Todine solution (N/10) : Place about 10 g of A.R. KI (iodate-free) and 2- 
3 ml distilled water in a large weighing bottle fitted with a ground-glass 
stopper. Dissolve by gentle shaking and weigh accurately, after the bottle and 
the solution have reached room temperature. Introduce quickly 3.2-3.5 g of 
A.R. or resublimed iodine (weighed on a rough balance) into the weighing 
bottle, without splashing, and Testopper it. Shake and let stand for sometime. 


After the temperature has reached equilibrium, reweigh the bottle accurately. ` 


The difference gives the weight of pure iodine. Dilute the solution in the 


weighing bottle, and quickly transfer it quantitatively to a 250-ml measuring 
flask. Dilute upto the mark with distilled water. Stopper and keep in a dark 


Place. The prepared solution is fe os N, where W is the weight of iodine 


dissolved. Make exactly N/10 by appropriate dilution. 


Oxalic acid (N/10) : Dissolve 6.303 g of A.R. oxalic acid dihydrate Goan. 


2020, Mol. wt, 126, 


068, Eq. wt. 63.034] in boiled-out distilled water and 
dilute to 1 litre. 


Potassium dichromate (N/4) : Dissolve 12.259 g of A.R. K2CrsO, (Mol. wt. 


294.22, Eq. wt. 49.035), dried at 100°C. in boiled-out distilled water and 
dilute to 1 litre, 


Potassium dichromate (N/ 10) : Prepare by appropriate dilution of the above 
solution, 

Potassium iodate 
Eq. wt. 53.50 for 
to 1 litre.» 


(N/5) : Dissolve 10.7 g of A.R. KIO; (Mol. wt. 214.01, 
Andrews titration) in boiled-out distilled water and dilute 


Potassium iodate (N/10) : 


Dissolve 3.567 g of A.R. KIO; (Eq. wt. 35.67 for 
thiosulphate standardisatio 


n) in boiled-out distilled water and dilute to 1 litre. 
Potassium permanganate (N/10) : Dissolve 3.2-3.25. g of A.R. KMnOs 
t. 31.607) in 1 litre of distilled water, Boil for 


le. [Standardisation: 20 ml N/10 
+ 100 ml of about 2N sulphuric acid. Warm to 
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50-60°C and titrate with potassium permanganate solution. Make exactly 
N/10 by appropriate dilution with water that has been redistilled from 
alkaline permanganate]. 


Silver nitrate (N/20) : Dissolve 8.4945 g of A.R. AgNO; (Mol. wt. 169.89, 
Eq. wt. 169.89) in boiled-out distilled water and dilute to 1 litre. 


Silver nitrate (N/50) : Prepare by appropriate dilution of the above solution 
with boiled-out distilled water. 


Sodium carbonate (N/2) : Dissolve 13.25 g of A.R. NaxCQ; (Mol. wt. 106, 
Eq. wt. 53), dried at 250°C, in boiled-out distilled water and dilute to 500 
ml. 


Sodium carbonate (N/10) : Dilute 50 mi of the above solution to 250 ml 
with boiled-out distilled water. 


Sodium carbonate (N/50) : Prepare by appropriate dilution of N/2 Na2>CO; 
with boiled-out distilled water (10 ml to 250 ml). 


Sodium hydroxide (N/10) : Dissolve 4-4.5 g of A.R. NaOH (Mol. wt. 40, 
Eq. wt. 40) pellets in 1 litre of boiled-out distilled water. Standardise with 
N/10 oxalic acid or against a known weight of potassium hydrogen phthalate 
(KHCsHsO,, Mol. wt. 204.22, Eq. wt. 204.22) using phenolphthalein indi- 
cator. Make exactly N/10 by appropriate dilution with boiled-out distilled 
water. 


Sodium hyroxide (M/25): Prepare by appropriate dilution of the above 
solution with boiled-out distilled water. 


Sodium hydroxide (N/50) : Prépare by appropriate dilution of N/10 sodium 
hydroxide solution with boiled-out distilled water. 


Sodium thiosulphate (N/10) : Dissolve 25 g of A.R. Na2S:0;.54>O (Mol. 
wt. 248.21, Eq. wt. 248.21) in boiled-out distilled water and dilute to 1 litre. 
[Standardisation: 20 ml N/10 KIO, solution + 2 g A'R. KI and shake. Add 
10 ml of IN HCI and titrate against thiosulphate solution using starch 
solution as indicator near the end-point]. Make exactly N/10 by appropriate 
dilution 


Sodium thiosulphate (N/40) : Prepare by appropriate dilution of the above 
solution with boiléd-out distilled water. 


Sodium thiosulphate (N/J00) : Prepare by appropriate dilution of N/10 
sodium thiosulphate solution with boiled-out distilled water. 


`% 
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Sulphuric acid (N/2) : add slowly with constant stirring, 14 ml of CaN 
trated A.R. sulphuric acid to a large volume of distilled water. Cool an 
dilute to 1 litre. Standardise with N/2 Na>CO; using methyl orange indicator. 
Make exactly N/2 by appropriate dilution. 


Sulphuric acid (N/10) : Dilute 3 ml of A.R. concentrated sulphuric acid to 


l litre in the way as above and standardise with N/10 Na>CO; solution. 
Make exactly N/10 by appropriate dilution. 


Sulphuric acid (N/50) : Prepare by appropriate dilution of the above solution. 
1.6 Solutions of Approximate Strength 


Alcoholic potassium hydroxide (N/2) : Dissolve 28 g of A.R. KOH (Eq. wt. 56) 
pellets in } litre of 95% alerhol (freshly distilled from KOH). Mix thoroughly 


and let stand undisturbed, for any carbonate to settle down. Decant the clear 
Supernatant solution and use. 


Alkaline potassium iodide : Dissolve 700 g of KOH pellets and 150 g of. 
A.R. KI in distilled water and dilute to 1 litre. 


Aluminium sulphate (1.5% alum) : Dissolve 15 g of Als(SO,);. 18H2O in 
1 litre of distilled water. 


Ammonium molybdate (5%) : Dissolve 50 g of ammonium heptamolybdate 
[(NH:) M070; 


14H20] in 1 litre of warm distilled water. Cool and filter, if 
necessary. 


Ammonium oxalate (8%) : Dissolve 80 g of ammonium oxalate monohydrate 


[NH) »CO,.H>O] in 1 litre of distilled water. 


Ammonium thiocyanate (10%) : Dissolve 100 g of A.R. NH;SCN in 1 litre of 
distilled water. 


Ammonium thiocyanate (N/20) : Dissolve 3.8 g of A.R. NH;SCN (Mol. wt. 
76. 11, Eq. wt, 7 


6.11) in distilled water and dilute to 1 litre. 


Barium chloride (5%) : Dissolve 50 g of BaCl:.2H>O in 1 litre of distilled 
water, 

Bismuth chloride (O.1M) : Dissoly 
minimum volume of 5N HCI al 
stirring, sufficient hydrochloric aci 


© 31.5 g of BiCh (Mol. wt. 315.5) in i 
nd dilute to 1 litre. Add dropwise, Wi 
id to remove any precipitate. 


Bromine solution (Saturated) : Prepare a saturated solution by shaking 11 ml 
of liquid bromine with 1 litre of distilled water. 
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EDTA (N/50) : Dissolve 3.723 g of disodium ethylene diaminetetra-acetate 
dihydrate (Mol. wt. 372.25, Eq. wt. 186.125) in one litre of distilled water. 


Ferric chloride (O.1M) : Dissolve 27 g of FeCl;.6H2O (Mol. wt. 270.5) in 
1 litre of distilled water containing 50 ml of dilute HCI. 


Ferric nitrate (O.[M) : Dissolve 40 g of Fe(NO;);.9H2O (Mol. wt. 404) in 
1 litre of distilled water containing 50 ml of dilute nitric acid. 


Ferric sulphate (0.5%) : Dissolve 5 g of Fe: (SO); (Mol. wt: 400) in T litre 
of distilled water. 


Ferrous sulphate (N/2) : Dissolve 14 g of FeSO.;.7H:»O (Mol. wt. 278, 
Eq. wt. 278) in 100 ml of distilled water containing 10 ml of dilute sulphuric 
acid. 


Hydrochloric acid (0.4 N) : Dilute 36 ml of concentrated A.R. hydrochloric 
acid to 1 litre with distilled water. 


Todic acid (N/10) : Dissolve 3 g of iodic acid (HIO;, Mol. wt. 176, Eq. wt. 
29,33) in 1 litre of distilled water. 


Manganous sulphate (0.1 M) : Dissolve 18.7 g of MnSO;.2H>O (Mol. wt. 
187) in distilled water. Filter and dilute to | litre. 


Manganous sulphate (48%) : Dissolve 480 g of MnSQ,.2H>O in distilled 
yater. Filter and dilute to 1 litre. 


Mercuric chloride (saturated) : Dissolve 80 g of HgCl> in 1 litre of hot 
distilled water. Cool to room temperature and filter. 


Oxalic acid (N/10) : Dissolve 6.3 g of oxalic acid dihydrate in 1 litre of 
distilled water. 


Potassium iodide (0.1 M) : Dissolve 16.6. g of iodate-free KI (Mol. wt. 166) 
in 1 litre of boiled-out distilled water. 


Potassium iodide (10%) : Dissolve 100 g of iodate-free KI in 1 litre of 
boiled-out distilled water. 


Potassium oxalate (2%) : Dissolve 20 g of potassium oxalate [K>C.0O,.H>O] 
in 1 litre of distilled water. 


Potassium permanganate (N/10) : Dissolve 3.2 g of A.R. KMnO; in 1 litre 
of distilled water. Boil for 1 hour, cool and filter through a plug of glass 
woo! placed in the neck of a funnel into a dark-brown-coloured glass bottle. 
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Potassium nitrate (O.1M) : Dissolve 9.1 g of pure KNO; (Mol. wt. 91) in 
1 litre of distilled water. 


Potassium thiocyanate (O.1M) : Dissolve 9.7 g of A.R. KSCN (Mol. wt. 97) 
in 1 litre’of distilled water. 


Silver sulphate-sulphuric acid reagent : Add 5.5 g of Ag2SO; crystals to 1 kg 
of HSO; and let stand for 1-2 days for complete dissolution. 


Sodium bisulphite (N/20) : Dissolve 2.6 g of NaHSO; (Mol. wt. 104, Eq. 
wt. 52) in 1 litre of distilled water containing 50 ml of 2N H2SOs. 


Sodium thiosulphate (N/10) : Dissolve 24.82 g of Na2S»O3.5H2O (Mol. wt. 
248. 21, Eq. wt. 248.21) in 1 litre of boiled-out distilled water. 


Stannous chloride (O.1M) : Dissolve 2.26 g of SnCl>.2H2O (Mol. wt. 225.7) 
in 5-6 ml of concentrated hydrochloric acid and dilute to 100 ml. 


Stannous chloride (5%) : Dissolve 50 g of SnCl>.2H2O in 100 ml of con- 
centrated hydrochloric acid and dilute to 1 litre. 


Sucrose (10%) : Dissolve 100 g of granulated sugar in 1 litre of distilled 
water. 


Titration Solyents for Acid Value of Oils 


- Mix together 500 ml toluene, 5 ml water and 495 ml isopropyl alcohol. 
22. 


Mix together 500 ml chloroform, 5 ml water and 495 ml isopropyl 
alcohol. 


~3. Mix together equal volumes of ethyl alcohol and benzene. 
4. Mix together equal volumes of alcohol and ether. a 
5. 95% alcohol—Add about 5 g of KOH to 1 litre of rectified spirit, boil 
for about half an hour and distil. 
6. Pure distilled methyl alcohol. 
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; Wij’s Solution (0.2N solution of ICI in glacial acetic acid) 


Commercially available Wij’s solution, which gives satisfactory results- 
may be used. 


2. Dissolve 16 g of commercially available iodine monochloride (ICI) in 
1 litre of A.R. glacial acetic acid. Filter rapidly through a filter paper 
and store in amber-coloured glass-stoppered bottle in a dark place at 4 
temperature below 30° C., 

3 


Dissolve 8 g of pure ICI; (iodine trichloride) and 9 g of resublimed 
iodine separately in 500 ml of A.R. glacial acetic acid each. Warm on 
a water bath, if dissolution is not complete at room temperature. Add 
iodine solution gradually to ICI; solution with constant shaking until a 


+ 


ee 
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red-brown colour appears. Add 20-30 ml more. Heat on a water bath 
for about 15 minutes, cool and store. 

Shake to dissolve 13 g of resublimed iodine in 1 litre of A.R. glacial 
acetic acid. Titrate 10 ml of the solution with N/10 Na2S>O, and set 
aside another portion (20-30 ml). Pass chlorine gas (dried by bubbling 
through concentrated H»SO,) into the remaining iodine solution until 
the volume of N/10 Na2S2O3 used against 10 ml of the solution (after 
addition of 20 ml of 10% KI solution) is double the volume used 
before passing chlorine (Colour of the solution changes to orange at 
this stage). Neutralise any free chlorine with the original iodine solution. 
Heat on a water bath, cool and store. 


Exercises 


l. 
De 


Be 


What is a primary standard? Give some examples. 

What is the general procedure for preparing a solution of definite 
normality (say N/10) of a substance which is not a primary standard? 
3.35 g of A.R. sodium oxalate (Eq. wt. 67) are dissolved in distilled 
water and diluted to 1 litre. 20 ml of this solution requires 19 ml of an 
unknown potassium permanganate solution for complete titration. 
Calculate the volume (in ml) of the unknown solution that should be 
diluted to 500 ml so as to get exactly N/20 KMnO; solution. 

What are the advantages of using boiled-out distilled water, instead of 
ordinary distilled water, for the preparation of standard solutions? 

How is sodium hydroxide solution freed of its carbonate content? 
Explain why the permanganate solution should not be (a) filtered 
through a filter paper, (b) used in a clip-burette (with rubber tubing 
and pinch-cork)? 


Z 


Chemical Equilibrium and Chemical Kinetics 


When a mixture of CO(g) and NO: (g) is heated in a closed vessel, the 
reddish-brown colour of the mixture starts fading, indicating the progress of 
the following reaction : 

CO(g) + NO2(g) —> CO; (g) + NO(g) (2.1) 
Colourless Reddishbrown Colourless Colourless 
However, if we take the colourless mixture of CO,(g) and NO(g) [the 
products of reaction (2.1)] and heat, it is seen that the mixture slowly 


develops a reddish-brown colour due to the formation of NO>(g) as per the 
following reaction : 


COx(g) + NO(g) —> CO(g) + NO:(g), (2.2) 


which proceeds in a direction opposite to that of reaction (2.1). This is an 
example of a reversible reaction and is represented as : 


CO(g) + NO: (g) = CO; (g) +NO(g) (2:3) 


A chemical reaction is said to be Reversible under defined experimental 
conditions if, under these conditions, the products of the reaction can react 
with one another to reform the original reactant or reactants. 


2.1 Chemical Equilibrium 


If the reaction mixture in the above example is heated to a constant 


temperature in a thermostatic bath, it is seen that the colour of the reaction 
mixture, which changes in the beginning, becomes constant after some time, 
ndicating that the Composition of the reaction mixture is no longer changing. 
The reaction is said to have reached equilibrium. 

Chemical equilibrium, at a given temperature, is:characterised by constancy 
of macroscopic Properties—observable properties such as colour, pressure, 
concentration, density, etc—in a closed system (a system containing a 
constant amount of matter) at a uniform temperature. Microscopic processes 
(changes at the molecular level), however, continue but in a balance that 
yields no macroscopic changes. Thus, both forward and backward reactions 
are proceeding simultaneously but at equal rates so that no change is 
observed. : 

Any factor that affects the rate of any one of the reactions involved in 
equilibrium will affect the conditions at equilibrium. Concentration, tempe- 
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rature and pressure are such factors. The effect of changes in any one of 
these factors on the equilibrium concentrations can be qualitatively predicted 
by applying the generalisation known as Le Chatelier’s Principle—If -a 
system at equilibrium is subjected to a change, the equilibrium shifts in a 
direction that tends to counteract partially the imposed change. The exact 
quantitative relationship between the concentrations of the reactants and the 
products at equilibrium is given by the Law of Chemical Equilibrium 
according to which the ratio of the product of the equilibrium concentrations 
of the substances formed to the product of the equilibrium concentrations of 
the reacting substances is constant at constant temperature. Thus, if [A] and 
[B] represent the molar concentrations of the reactants A and B, while [C] 
and [D] be the molar concentrations of the products C and D at equilibrium 
for the hypothetical reaction : 


A + BC+ D, then 


rı, the rate of forward reaction = k, [A] [B] and 
1, the rate of backward reaction = k2[C] [D], 


where kı and kz are constants. 


At equilibrium Tale 
or kı [A] [B] = k: [C] [D] 
(CD _ ki _ 
"TANB] ~ me md 


K. is known as the concentration equilibrium constant and is constant at 
constant temperature. If its numerical value is determined by measuring the 
concentration of all the species in a particular equilibrium solution, it can be 
used in the calculations for any other cobbu state between the same 
species at that same temperature. 


2.1.1 To study the effect of addition of solutions of Fe (NO:), KSCN, 
SnCh or KNO; to the equilibrium system obtained by mixing aqueous 
solutions of Fe(NO;); and KSCN 


Reagents required 

(1) Ferric nitrate solution (0.1M) 

(2) Potassium thiocyanate solution (0.1M) 

(3) Stannous chloride solution (0.1M) 

(4) Potassium nitrate solution (0.1M) 
Theory 

When aqueous solutions of Fe(NO;); and KSCN are mixed, the following 

three equilibria exist simultaneously: 


Fe(NO;); == Fe'*+ 3NO, (2.5) 
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KSCN=—= K*+ SCN” (2.6) 
Fei’ SCN => FeSCN* (2.7) 


(Pale yellow) (Colourless) (Reddish brown colour) 


The equilibrium constant K, for reaction (2.7) is given by 
_ [FeSCN**] 

[Fe] [SCN] 
- h x 
and remains constant at constant temperature, irrespective of the source of Fe, 
SCN and FeSCN” ions. Addition of any substance that will tend to 


change the concentration of any one of these ions will disturb (shift) the 
equilibrium in a particular way so that K. may remain constant. 


(2.8) 


(a) Addition of Fe(NO:) will increase the concentration of Fe “ ions and 
in accordance with equation (2.8), in order to keep K. constant, the concen- 


tration of FeESCN™ should automatically increase which will be evidenced by 
deepening of the red colour. 


_ (b) Addition of KSCN. will increase’ the concentration of SCN’ and, in 


order that K. may remain constant, more of FeSCN:” will be formed which 
means that red colour will again deepen. 


(c) Addition of SnCh will reduce Fe™ ion to Fe”: 


2Fet + Sn? e 2Fe + Sn” (2.9) 
The consequent decrease 
dissociate so that 
fading away of th 


in the concentration of Fe” will cause FeSCN™ to 


K. remains constant. Dissociation of FeSCN” will result in 
e reddish-brown colour, 


(d) Addition of KNO; will considerably increase the concentrations of K* and 
NO; ions, thus simultaneously depressing the dissociation of Fe(NOx); and 
KSCN [reactions (2.5) and (2.6)} due to common ion effect. The resultant 


decrease in the concentrations of Fe and SCN- will make FeSCN*’ disso- 
ciate and the intensity of the colour will therefore decrease. 


Procedure 

To about 40 ml of distilled water taken in a beaker, add 4 drops of 
Fe(NO;); solution. Add KSCN solution dropwise with shaking until the 
solution acquires a light reddish-brown colour. Mix well and pour equal 
i ean test tubes. Mark the tubes as A, B, C, D 
and E and set aside tube A for colour comparison. Add 10 drops of the 
solution of Fe(NO;); to tube B, KSCN to tube C. SnCh to tube D and 
KNO; to tube E. After 2-3 minutes, compare the colours of solutions in 
tubes B, C, D and E with t 


hat of the solution in tube A, and record the - 
observed changes in the intensity of the colour. 
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Observations 
Tube Initial Solution Colour 
colour added (10 drops) intensity 
A Reddish- - No change 
brown 
B -do- Fe(NO;); Increases 
Cc -do- KSCN -do- 
D -do- SnCl, Decreases 
E -do- KNO, -do- 
Precautions 


(i) Before pouring the reddish-brown solution into the test tubes, it should 
be well mixed so as to get a uniform concentration throughout. 

(ii) As far as possible, the temperature should be kept constant (a thermostat 
may be used). 


2.1.2 To study the effect of addition of HO and HCI on the equilibrium 
represented by 

BiCl; + H:O == BiOC! + 2HCl, 
and to show that the observations are in accord with Le Chatelier’s Principle 
Reagents Required 


(1) Bismuth chloride solution (0.1M). 
(2) Concentrated HCl. 


Theory 
The equilibrium constant K. for the reaction 
BiCl; + H:O == BiOCI + 2HC!I (2.10) 
White precipitate 
is given by 


_ [BiOCl] [HCI] 
“ [BiCl;] [H>O] 


Addition of water will increase the denominator in the above expression! 
Therefore, in order to keep K. constant, the numerator should also increase, 
ie. the reaction (2.10) will proceed in the forward direction with the- 
formation of more of BiOCI which will be indicated by an increase in the 
amount of white precipitate. Addition-of a large excess of water will, in fact, 
lead to complete hydrolysis of BiCl: However, addition of HCI will increase 
the numerator in the expression (2.11). In order that K,’ may remain 
constant. BiOCI will dissolve in HCI to increase the concentration of BiCls 


(2.11) 
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and water. In presence of a large excess of HCl. the reaction will go to 
completion in the backward direction, i.e., the whole of the precipitate of 
BiOCI will disappear. 


Procedure es 

To about 5 ml of BiCl; solution taken in a 100-ml beaker, add distilled 
water drop by drop. stirring throughout with a glass rod, until a white 
precipitate is observed. Continue the addition of water until an increase in 
the amount of white precipitate is no longer observed. Now add dropwise 
concentrated HCl, again stirring with a glass rod. Record the changes 
observed and continue the addition of HCI until the precipitate is completely 
dissolved. Again add water to observe the reversal of the changes. 


Observations 
(1) With the addition of mor 
precipitate goes on increasing. 


(2) With the addition of more and more of concentrated HCl, the amount 
of white precipitate goes on decreasing. 


e and more water, the amount of white 


Accord with Le Chatelier’s Principle 


By adding water, we tend to increase the concentration of one of the 
reactants. To reduce the effect of this change, the equilibrium shifts in the 
forward direction as evidenced by increase in the amount of precipitate. 
Similarly. addition of concentrated HCI tends to increase the concentration 


of one of the products. A portion of this HCI is utilised in dissolving BiOCl, 
thus partially counteracting the imposed change. 


Exercises 
7.(a) Write down the expressions for K, and K, for the general reaction: 


aA + bB+ — == 11 + mM + (2:12) 

(b) How are K, and Kp related? 

8. What Specifically is ‘equal’ 
state of equilibrium? 


9. ~ What is a steady state? With the help of an example, explain'how it 
is different from chemical equilibrium. 


10.(a) Using Le Chatelier’s Principle, predict the effect of changing tempe- 
rature on the equilibrium represented by the reaction: 
N2O«(8) == 2NOx(g), A H = +14.1 K cal (2.13) 


(b) What experiment would you perform to prove the above predictions? 
11. What is the technological importance of Le Chatelier’s Principle and 
Law of Chemical Equilibrium? Illustrate your answer by applying Le 
Chatelier’s principle to the following equilibrium: 


No(g) + 3H2(g) ==> 2NH\(g), AH= — 22 K cal (2.14) 


in a chemical reaction that has attained a 
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12. Giving examples, describe some ways in which equilibria, can be 
shifted to bring about essentially complete reactions. 

13. Explain why Cu’ and Zn“ cannot be completely removed from 
industrial wastes by precipitation with NH4OH? 

14. What is meant by an irreversible reaction? Give some examples. 


2.2 Rate of a Reaction 

Reactions proceed at different rates. The rate of a reaction refers to the 
amount of a reactant consumed or a product formed in a reaction in a 
definite unit of time. The quantity consumed or produced is expressed in 
concentration units (gram-moles per litre) if the substance is in solution, or in 
partial pressure units if the substance is a gas. The time may be expressed in 
microseconds for very rapid reactions such as explosion of household gas 
and oxygen; in seconds or minutes for reactions proceeding at moderate rates 
at room temperature such as decomposition of H:O: or oxidation of oxalic 
acid by permanganate; in days or months for slow reactions and in years for 
very slow reactions such as half-life period of s Ra°™% (1590 years). 


2.2.1 Factors affecting the Rate of a Reaction 
The rate of a reaction depends on a large number of factors such as 


(a) Concentration of the reactants, 

(b) Temperature of the system, 

(c) Nature of the reactants and the products, 
(d) Presence of a catalyst, 

(e) Surface area of the reactants, and 

(f) Exposure to radiation. 

By a knowledge of how various factors influence the rate of a reaction, it 
becomes possible to bring the reaction under control, i.e., the. speed of a 
reaction can be regulated to gain the desired effect. The economic viability of 
the process can therefore be ascertained. 


(a) Effect of Concentration 
This effect is best summarised in terms of the Law of Mass Action which 


states that “the rate at which a substance reacts is proportional to its ‘active 
mass’ and the rate of a chemical reaction is proportional to the product of 
the ‘active masses’ of the reacting substances”. The active mass of solids is 
taken as unity and that of gases and solutions as the number of gram-moles 
present per litre. 

A reaction between reacting molecules or ions can take place only when 
they come sufficiently close together. The rate of reaction will thus depend 
on the frequency with which the reacting particles collide (Collision Theory). 
The increase in concentration of one or more reactants by admitting their 
additional amounts (or by increasing the pressure in case of gaseous reactants) 
will increase the frequency of collision and is therefore expected to increase 


the rate of the reaction. 
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(b) Effect of Temperature 

Rise in temperature causes only a slight increase in the frequency of 
molecular collisions (which are proportional to V T ) but experimental mea- 
surements indicate a manifold rise in the rate of reaction—A 10°C rise at ` 
room temperature causes about 1.5% increase in total number of binary 


collisions of HI molecules but the same change in temperature almost 
doubles the rate of dissociation. 


Explanation: In a methane-oxygen mixture under ordinary conditions, 
although a methane molecule collides with an oxygen molecule a billion 
times in one second, there is no noticeable reaction. It has been postulated 
that a collision will result into a reaction only if the colliding particles 
possess an energy equal to or higher than a certain minimum (different for 
different reactions) known as the Threshold Energy. At room temperature. 
the number of such particles may constitute only a negligible fraction of the 
total number and thus the reaction’ may not be noticeable at all. However, 
even with a small rise in temperature, the number of particles having energy 
equal to or in excess of Threshold Energy increases appreciably, resulting in 
a large increase in the number of successful collisions. 


(c) Nature of Reactants has a considerable influence on the rate of reac- 
tion. Under identical experimental conditions, reactions that involve consider- 
able bond rearrangement (breaking of old bonds in the reactant mole- 
cules and formation of new ones in the product molecules) are expected to 
be slow while those that do not involve much bond rearrangement are 
expected to be fast. 


Thus oxidation of NO by O: which involves breaking of two bonds in 
2NO + 0; —> 2NO; (215) 


nitric oxide and formation of four bonds in nitrogen peroxide is much faster 


at room temperature than oxidation of methane with O2, which involves 
breaking of four bonds in methane 


CH; +20; —> CO; +2H,0 (2.16) 
and formation of six new bonds (2 in CO, and 4 in 2H)0). 


(d) Effect of presence of a Catalyst 


The additional energy that the rea i 
a less than 
Setar eactant molecules having energy le: 


nergy must acquire so that their collision results in the formation 
of the products is known as Activation Energy. 

Activation Energy = Threshold Energy — Average Energy possessed 

by the molecules 

Addition of a catalyst provides a 
barrier (Activation Energy), Since 
number of the molecules of the rea 
equal to or higher than Threshold 
reaction increases. 


new reaction path with a lower energy 
the energy barrier is reduced, a larger 
tants can get over it (i.e., have energy 
Energy) and consequently the rate of the 
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(e) Surface Area of Reactants has a bearing on the rate of a reaction 
taking place in a heterogeneous system (reaction between two-solids, a solid 
and a liquid, two immiscible liquids, etc.) since reaction can take place only 
at the surface at which the reactants are in contact. Surface area for a given 
mass of a substance increases with decrease in particle size. Smaller particles, 
therefore, react more rapidly than larger particles. Thus, in air, coal dust 
burns much more rapidly than a large lump of coal. 


2.2.2, To study the effect of Concentration and Temperature on the rate of 
reaction between iodic acid and sodium bisulphite 


Reagents required 
1. Jodic acid solution (N/10). 
2. Sodium bisulphite solution (N/20). 
3. Freshly prepared starch solution. 


Theory 

The reaction between iodic acid and bisulphite, which is carried out in 
presence of a small amount of freshly prepared starch solution to act as 
indicator, essentially consists of the following consecutive steps : 


3HSO; + HIO: —> 3HSO; + HI (2.17) 
5HI+ HIO: $S 3b +3H,0 (2.18) 


The iodine liberated in step (2.18) readily reacts with any unconsumed 
bisulphite present 


HSO;++H:0 Š HSO: + 2HI (2.19) 


and so no blue colour is observed. However, when step (2.17) has gone to 
completion, step (2.18) takes place almost instantaneously producing iodine 
which is evidenced by the appearance of characteristic blue-black colour. 
The sudden colour change thus indicates complete oxidation of bisulphite. 
The time elapsed, which is measured using a stop watch, between the mixing 
of the solutions of bisulphite and iodic acid and the sudden appearance of 
the blue-black colour is a measure of the rate of reaction. 


Procedure 

1. ` Take three 250-ml conical flasks and mark them as A, B and C. 

2. With a measuring cylinder, pour 170 ml distilled water into flasks A 

and C and 160 ml distilled water into flask B. 

Add with a pipet 20 ml of bisulphite solution to all the flasks. 

Add 1 ml of freshly prepared starch solution to all the flasks. 

5, With a pipet, add 10 mi of iodic acid solution to flask A, starting a 
stop-watch simultaneously. Mix and allow to stand at room temperature. 
Record the time when a blue-black colour appears. — 

6. Repeat the process with flask B, but adding 20 ml of iodic acid. 


i 


RY 
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7. Add 10 ml of iodic acid to flask C, mix and keep the flask in a hot 
water bath and note the time for the development of blue colour. 


Observations 
Flask Vol. of Vol. of Vol. of Temperature Time a 
H2O (ml) bisulphite (ml) HIO; (ml) s seconds 
A 170 20 10 room temp i= 
B 160 20 20 room temp h= 
C 170 20 10 hot water B= 


bath 


Discussion of Results 


1. Blue colour appears in flask B quicker than in flask A (tf <41) because 


: : i f 
the reaction proceeds at a faster rate due to higher concentration o 
iodic acid in flask B. 


2. Appearance of blue colour in flask C is quicker than in flask A (4 < 


f) because the reaction is carried out at higher temperature which 
increases the rate of Teaction. 


2.2.3 To study the effect of nature of reactants on the rate of reaction 


Reagents Required 
I. Oxalic acid solution (N/10) 
2. Ferrous sulphate solution (N/10) 


3. Potassium Permanganate solution (N/ 10) 
4. Dilute HSO; 


Theory A 

KMnO; in acidic medium oxidises both ferrous ion and oxalate ion as per 

the following reactions : 
Fer Fe” +e] X 5 

MnO; + 8H’ + 5e — Mnè + 4H0 


SFe! + MnOy+ 8H —> SFe” 4 Mn“ +40 (2.20) 
QOF — 2c0, + 2e] X 5 
MnO; + 8H* + 5e — Mn” + 4H:0] X 2 
5C:0; + 2MnO; + 16H" > 10CO, + 2Mn** + 8H,O (2.21) 


As the permanganate ion is common to the two reactions, any difference in 
their ratés will evidently be due to the difference in the specific characteristics 


T decolourisation of equal amounts of acidified 


permanganate solution by equivalent amounts of ferrous ion and oxalate ion 
solutions at room temperature, 
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Procedure s 

(1) Take two test tubes and mark them A and B. 

(2) Transfer with a graduated pipet 1 ml of oxalic acid solution to tube A 
and 1 ml of ferrous sulphate solution to tube B. 

(3) To 20 ml of distilled water taken in a beaker, add 5 ml of dilute 
H>SO; and 1 drop of KMnO; solution and mix well. 

(4) Add 1 ml of the above diluted solution to each of the two test tubes A 
and B. 

(5) Allow to stand at room temperature and note the time needed for the 
purple colour of permanganate to disappear in the tubes A and B and 
record in the table. 


Observations 
Tube Oxalic acid Ferrous KMnO; Decolourisation 
solution sulphate solution time 
taken solution taken added in seconds 
A 1 ml — 1 ml h= 
B — 1 ml 1 ml E= 


Results and discussion 

The observations show that the colour of KMnO, disappears much faster 
in the tube containing ferrous sulphate than in the tube containing oxalic 
acid (f x n). This is as expected since ferrous is a simple ion whereas 
oxalate is a polyatomic ion containing many covalent bonds that have to be 
broken. 


2.2.4 To study the catalysing effect of Mn ions on the rate of reaction 
between oxalate and permanganate ions in acid medium 


Reagents required 
1. Oxalic acid solution (N/10) 
2, Manganous sulphate solution (0.1M) 
3. Potassium permanganate solution (N/ 10) 
4. Dilute H2SO; 


Theory ‘ ‘ ` “ie 
Oxalate decolourises permanganate in acid medium (reaction 2.21). The 


time required is a measure of the rate of reaction. The effect of the presence 
of Mn?” ions on the rate of reaction is seen by comparing the times needed 
for decolourisation in the absence and in the presence of Mn’ ions. Other 
factors like the concentration of oxalate. permanganate and acid, and tempe- 


rature are kept constant. 
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Procedure 

(1) Take two clean test tubes and mark them A and B. 

(2) Pour with a graduated pipet 1 ml of oxalic acid solution into each of 
the two tubes. 

(3) Add 1 ml of manganous sulphate solution to tube B. " 

(4) Pour 1 ml of very dilute solution of acidified KMnO; (as prepared in 
the previous experiment) into each of the tubes. 

(5) 


Shake the contents of the two tubes and allow to stand at room 
temperature. 
(6) Record the time needed fo 


r purple colour of KMnO; to disappear in 
the two tubes. 


Observations 
Tube Oxalic acid KMnO; MnSO;, Time for decolour- 
isation (seconds) 
A 1 ml 1 ml = oE 
B 1ml 1ml 1 ml BF 
ee) E ese eS 
Results and Discussion 


Observations indicate that tz is less than tı. Manganese (II) ions present in 
tube B catalyze the reaction between oxalate and permanganate ions ( praon 
2.21) and so decolourisation of KMnO; takes place at a faster rate in tube 
B. 


22.5 To study the effect of Surface Area on the rate of a reaction 


Reagents Required 


l. Potassium thiocyanate solution (0.1M) 


2. Ferric chloride solution (0.1M) 
3. Dilute HC] 
4. Steel wool 
5. Iron nail 
Theory 


Addition of FeCl, Solution to the acidified solution of KCNS produces 4 
reddish-brown colour $ j 


Fel! + SCN- == Fe (SCN)** Ca 
The iron added reacts with HCI to produce nascent hydrogen which 


Fe+ 2H’ > Fe +2H G29) 
reduces ferric to ferrous : 


Fey ote, oe Fe” + Ht (2.24) 
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This decrease in the concentration of Fe’’ ions shifts the equilibrium (reaction 
2.22) to left thus reducing the intensity of the colour. 


Procedure 
Take 10-15 m! of dilute HCI in a beaker. Add | ml of KSCN solution 


and a drop of FeCl;. A red colour appears. Add equal volumes of this 
solution to three clean test tubes. Mark them A, B and C and set aside tube 
A for colour comparison. Add a small wad of steel wool to the tube B and 
an iron nail to tube C. Set aside the tubes and observe their colour during 


the next 10 minutes. 


Observations 
Tube Initial colour Physical state Colour after 10 
of iron added minutes 
A Reddish-brown = No change in colour 
intensity 
B -do- Steel wool Least intense colour 
Cc -do- Tron nail Less intense than A but 


more intense than B. 


Results and Discussion , 

The reddish-brown colour fades faster in tube B (to which steel wool has 
been added) than in tube C (to which iron nail is added). Because of the 
much larger surface area of steel wool than that of iron nail, rate of 
liberation of nascent hydrogen in tube B is higher which leads to faster rate 
of reduction of ferric ions and hence faster fading of the colour. 


Precautions 
(1) The weights of steel wool and iron nail should. as far as possible, be 


the same. 


Exercises 

15, In experiment 2.2.2. why is 10 ml less water taken in flask B than in 
flasks A & C? 

16. In the above experiment, what effect would you expect on the reaction 
time if more water is added to the reaction mixture at room tem- 
perature? 

17. What is meant by the rate-determining step ? Point out the rate- 
determining step in the reaction between HIO: and NaHSO; (Experi- 
ment 2.2.2). 

18. What is meant by a clock reaction ? 

19. Explain why there is a danger of explosion in a saw mill ? 

20. Predict the observations when a few (8-10) crystals of KI and an equal 


8.6.8 R.T, “IAB 


Date 


Ed een ROCA Taal) 
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amount of HgCl; crystals are placed in a mortar and 
(i) Mixed with a glass rod. 
Gi) Ground with a pestle, 
(iii) About 10 ml distilled water is added to the above mixture, and 


(iv) A concentrated solution of KI is then added while stirring with a 
glass rod. 


21. Give some examples of reactions that are catalysed by radiation. 
22. Why does the rate of a reaction fall with time ? 
23. Why is the speed of a reaction important ? 


2.3 Velocity Constant and Order of a Reaction 


Consider the hypothetical reaction 


A — Products 


reaction at the given temperature. If AS 1 = k Thus at a kiven 


r velocity constant of a reaction involving a 
te of the reaction when the molar concentra- 
S also called the Specific Reaction Rate. and 


Onr ACCE 


where C, and Cy represent the molar Concentrations of the reactants A and 
B, and so on, 


2.3.1 Kinetics of a First Order Reaction 
he initial Concentration of the reactant A for the reaction‘ 


A — Products 


Chemical Equilibrium and Chemical Kinetics 23 


the time limits = 0 and r= 4 and using the fact that when ¢ = 0,,x = 0, 


we get 
l 
k re Ge 2.303 log a A (2.25) 
t a—x t a—x 


If x) and x be respectively the number of gram-moles/litre of the reactant 
changed into the products up to times 4 and from the start, then the 
above equation takes the form 

2.303 a—xı 


both oÈ Gm» (220) 


k= 


2.3.2 To determine the Rate Constant. of hydrolysis of methyl acetate by 
dilute HCI and to show that it is a First Order reaction. ` 


Reagents Required 
1. Hydrochloric acid (0.4 N) 
2. Sodium hydroxide solution (N/10) 
3. Pure methyl acetate 
4, Phenolphthalein indicator 


Theory 
The hydrolysis of methyl acetate in presence of an acid may be represented 
as 
CH;COOCH; + H:O EO CH;COOH + CHOH (2.27) 


HCI merely acts as a catalyst and so its concentration, which remains 
constant throughout, will not affect the order of the reaction. Also, since 
water is present in large excess, its active mass (molar concentration) remains 
practically unchanged during the reaction. The rate of hydrolysis is therefore 
determined only by the concentration of methyl acetate : 


r= a = k[{CH;COOCHs] = k(a—x) 
_ 2.303 a 
or k= ; log frm f (2.25) 
2.303 H 
Seal oe (2.26) 
bh a— X 


where xı and xz are the gram-moles/litre of methyl acetate hydrolysed at 
times f; and h respectively from the beginning. 

As acetic acid is produced on hydrolysis, the progress of the reaction is 
followed by withdrawing definite volumes. of the reaction mixture at suitable 
time intervals and titrating against a standard alkali solution. The increase in 
the volume of. alkali used is a measure of methyl acetate hydrolysed. If V,,, 
V,, and Veo respectively be the volumes of standard alkali used against the 
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same definite volume of the reaction mixture at times 4, 4 and too (the time 
required for the reaction to be completed), then 


V,, cc amount of HCl present originally + amount of acetic acid formed or 
methylacetate hydrolysed at time f; (x:), 


and Veo œ amount of HCI present originally + amount of CH;COOH 
formed at the end of reaction or initial concentration of methyl acetate (a). 


Therefore, Voo—Vi,; œ (a—x1) ie, the concentration of unhydrolysed 
CH;COOCH; at time t. 


Similarly, Voo-V;, œ (a—x2), ie, the concentration of unhydrolysed 
CH;COOCH; at time h. 
Therefore, equation (2.26) can be written as 


22303) VeVi 
= =—— jog Li 


k 
hh E Væ V, 


(2.28) 

Procedure 

(1) Take about 100 mi of the HCI solution in a clean conical flask and 
Suspend it in a thermostat maintained at 25°C, Take about 15 ml of 
pure methylacetate in a clean dry tube, cork it and suspend in the same- 
thermostat. 

(2) Take 8 conical flasks, each of 100-ml Capacity; pour about 25 ml of 
distilled water into each and keep them immersed in an ice-water bath. 

(3) Wash a burette and rinse and fill it with NaOH solution. 

(4) When the two liquids (methyl acetate and HCl) have attained the 
temperature of the bath, pipet out 10 ml of methyl acetate and pour it 
into the acid contained in the flask. 

(5) Mix by shaking and pipet out 5 ml of the reaction mixture into one ot 
the flasks containing 25 ml of ice-cold water, starting a stop watch 
when the pipet has been half discharged. Add 1 drop of phenolphthalein 
indicator to this solution and titrate quickly with NaOH solution until 


a pink colour appears. Record the titre value as V,. Time for this value 
is zero. 5 


(6) Similarly, withdraw 5-ml 
10, 20, 30, 50 and 80 minutes a 


(7) For finding Voo, transfer about 20 


"fla keep immersed in a water bath 
maintained at 50°C for 80-90 minutes so as to complete the hydrolysis. 
Cool to room temperature. Pipet out 5 ml of the solution to a flask 
containing 25 ml of ice-cold water and titrate as before. 


Precautions 

(1) As the rate of reaction is very sensitive to temperature changes, the 
temperature of the bath should be maintained constant within +0.5° C 
throughout the course of the experiment. 


(2) For every titration, the time should be recorded when the pipet has 
been half discharged into the flask. 


— 
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(3) The titration should be made as quickly as possible—for this the bulk 
of the expected volume of alkali should be run in quickly and then 
there should be dropwise addition to the first appearance of pink 
colour that persists for at least 10 seconds. i 


Observations and Calculations 
Temperature of the bath = £ °C 


ASO N E E a Aa 
Trena Sie AE A Concrete ea ar oe ie aren 
t V, CH,COOCH; at Veo — Vi, 

5 ml time t (Vac — V,) Vo Vi, 

b= Vo= Voo Vi 

E Vi, Voo — Vi, 

pa eS Veo — Vy 

R= Vi, = Veo V; 

t= Va Veo — Va 

b= i= Vo — Vis ; 

6 = Vig = Veo a Vig 

loo Væ = 

Results af Discussion 


(1) Since the values of k. as calculated by substituting the various values of 
Væ — V, for the corresponding ¢ values in the kinetic equation for first” 


order, i-e., 
Uea Vi 
RS 2.303 log 00 a 
bah Voo — Vi, 


remain almost constant, the hydrolysis of methyl acetate catalysed by acid is 


a first order reaction. 
(2) The average of the va 
reaction at the temperature of the experiment. 


rious values of k is the velocity constant of the 


Graphical Method 
The rate equation for the first order reaction 
re 2,303 io a 
k E a-x 
2.303 ` 2.303 
log a k 


log (a ~x) (2.29) 


log (a — x) 


= constant — 
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indicates that a plot of 1 against log (a — x) or log (Ve — V.) will be a 


Straight line whose slope is given by — 


2303 ang — OA 

Thus j eos eC “OB 
A OB 
or k= 2.303 x OA 


log (Veo — V,) —> 
Fig. 1 Plot of t versus log (Va. — V). 


2.3.3 To compare the Strengths of HCl and H»SO; by studying their 
catalysing action on h wdrolysis of methyl acetate. 


Reagents Required 

1. Standard hydrochloric acid (N/2) 
2. Standard sulphuric acid (N/2) 

3. Sodium hydroxide solution (N/10) 
4. Pure methyl acetate 

5. Phenolphthalein indicator 


Theory : f ah 
The hydrolysis of methyl acetate is catalysed by an acid (reaction 2.2 
and the rate of hydrolysis i 


; i e 
s found to be approximately proportional to w 
concentration or more correctly activity of H` ions. Therefore. the veloci J 
constants of the reaction i 


: equi al 
n presence of equal concentrations (equinorm 


solutions) of two acids will be Proportional to their degrees of dissociation © 
their strengths: 


Strength of HC} k 
Relative strengths = ____* SIN Dia aa (2.30) 


ee re aE 
Strength of HSO, a> kə 
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where a; and ware the degrees of dissociation of HCI and H>SO; and kı 
and k» are the velocity constants of the hydrolysis of methyl acetate in 
presence of their equinormal solutions. 


Procedure 

(1) Determine the velocity constant kı of the hydrolysis of methyl acetate 
by taking exactly 100 ml of N/2 HCI (standard), at a definite tem- 
perature maintained by means of a thermostat, as described in the 
earlier experiment. 

(2) In the same way, determine the velocity constant k» by taking exactly 
100 ml of N/2 H>SO, (standard) and the same exact amount of 
methyl acetate, and carrying out the reaction at the same temperature 
as above. 

(3) The ratio k,/k2 gives the relative strength of HCI and H>SO,. 


Precautions 

1. The conical flasks in which HCl and H2SO; are taken should be clean 
and dry. 

2. The two acid solutions must be exactly equinormal. 


3. The temperature should be maintained constant throughout the course of 
the two determinations. 


2.3.4 To determine the Temperature Coefficient of hydrolysis of methyl 
acetate by acid and to calculate the Energy of Activation of the reaction 


Reagents Required 

1. Hydrochloric acid (N/2) 

2. Sodium hydroxide solution (N/10) 
3. Pure methyl acetate 

4. Phenolphthalein indicator solution 


Theory ) 

As discussed earlier (p. 16), a rise in temperature markedly increases the 
rate of a reaction. The ratio of the velocity constants of a reaction at two 
temperatures differing by 10°C is known as temperature coefficient of the 
reaction, The temperatures usually selected are 25°C and 35°C and the 


value of the temperature coefficient for a majority of the reactions varies 
from 2 to 3. 


Velocity constant at 35°C 
Velocity constant at 25°C 
kas 


=——— = 2103 (2.31) 
kos 


Temperature coefficient = 


The temperature coefficient usually decreases with rise in temperature. The 
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variation of velocity constant with temperature is best expressed by the 
following empirical equation proposed by Arrhenius: 

k = A exp (= E,/RT) (2.32) 


where A =a constant: E, = Energy of activation: R = Gas constant and 
T = Absolute temperature. 


Taking logarithms 


Bari 
Ink=— -ppi Ind 


(constant) 


If ki and k> be the velocity constants of the reaction at temperatures 71° K 
and T:s, K, respectively, then assuming E, to be independent of temperature, 


E; l 1 
Inks — In k; = ie 
kero RNET = 
or In — = wee ee alk 
1 R |T T 
k: E 1 1 
o l = s Bans (2.33) 
( nek 2303R | T, zl ; 


Thus, by measuring velocity constan 
acetate at two different temperature. 
in the above equation, Æ, 
calculated. 


ts ki and k of the hydrolysis of methyl 
s T, and T», and substituting the values 
n the Energy of Activation for the reaction can be 


Procedure 


(1) Determine the velocity constant kss for the hydrolysis of methyl acetate 


catalysed by HCl, at a temperature of 25°C (298°K) maintained by a 
thermostat. as described in experiment 2.3.2, 

Determine the velocity constant Kıs for the hydrolysis of methyl acetate, 
by taking exactly the Same amounts of HCI and methyl acetate as in 


(1) above, at a temperature of 35°C (308°K) maintained with the 
help of a thermostat, 


(3) Calculate the ratio “Ba 
25 


(2) 


and report as temperature coefficient of the 
hydrolysis of methyl acetate catalysed by acid. 


(4) Substitute the values of kas; kes, Ti (298°K), T> (308°K) and R = 2 
cal/degree/mole or 8.314 joules/K/ mole in the expression 


TOEL ! (2.34) 
2.303R | T, T: | 
and calculate the value of £,, 
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Exercises 

24. Why is the reaction mixture dropped into ice-cold water before titra- 
tion ? 

25. Give some examples of First Order Reactions. 

26. What is meant by moleculartiy of a reaction ? How is it different from 
order of the reaction ? 


2.3.5 Kinetics of a Second Order Reaction 

A second order reaction in which there is only one reactant is represented 
by 2A—Products. Let ‘a’ gram-moles/ litre be the initial concentration of 4, 
out of which ‘x’ gram-moles/litre is converted into products in ‘ minutes. 
Thus after t minutes from the start, the concentration of the reactant will be 
(a—x) gram-moles/litre, and the rate of reaction at this instant will be given 
by de A 
AT k(a — x) 


Integrating this equation between the limits t = 0 and t= 4 and using the 
fact that when ¢ = 0, x = 0, we get Á 
1 xX 


Ue a (2.35) 
The above equation can be rearranged to give 
pee kt + ai (2.36) 
(a—x) a 


If the reaction involves two different reactants, ie., A + B — Products, but 
both the reactants have the same initial concentration — ‘a’ gram-moles/ 
litre—the rate constant k is given by equation (2.35). If, however, the initial 
concentration of A and B is ‘a’ gram-moles/litre and ‘b’ gram-moles/litre, 


respectively, the rate equation will be os k(a — x) (b - x) and the rate 
constant will be given by at 

2.303 b(a—x) 

= —— 2.37 

t(a—b) °8 a(b—x) ( ) 
In the expressions for k (2.35 or 2.37), there is one additional concentration _ 
term in the denominator. Hence, the value of the second order rate constant 
depends on the units in which the concentration of the reactants is expressed. 
If the concentration is expressed in moles/litre and the time in minutes, the 
units of k will be (moles/litre) | minute ' 


2.3.6. To determine the Rate Constant of hydrolysis of ethyl acetate by 
NaOH (saponification) and to show that it is a Second Order reaction 


Reagents Required 
1, Standard ethyl acetate solution (M/25) 
2, Standard sodium hydroxide solution (M/25) 
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3. Standard sodium hydroxide solution (M750) 
4. Standard hydrochloric acid (M/ 50) 
5. Phenolphthalein indicator solution 


Theory j 
The hydrolysis of ethyl acetate by sodium hydroxide, also known as saponi- 
fication of ethyl acetate, may be represented as 


CH3;COOC;H; + NaOH —> CH;COONa + C,H;OH 


or CH3;COOCH; + OH” — CH,COO- + C.H;OW (2.38) 
The rate of saponification may be represented by 
_ ad 
Ya =k [CH:COOC:H;] [on] 
= ka—xy, 


when the initial concentration of both ethyl acetate and sodium hydroxide is 
‘a’ gram-moles/litre and ‘7 gram-moles/litre of each reacts in time £. The 
rate constant.k is then given by equation (2.35): 
eae 
at (a—x) 


As one mole of sodium hydroxide is consumed for every mole of ethyl 
acetate hydrolysed, the pro; 


3 gress of the reaction is followed by withdrawing 
definite fixed volumes of the reaction mixtúre at suitable time intervals and 
determining the amount of residual alkali. 


Procedure 


(2) Take 6 conical flasks ea 


(3) Wash a burette and rinse 
(4) When the two liquids ( 


(5) Immediately mix by shakin 


of arresting the reaction. 


(6) Immediately aäd 2 drops of phenolphthalein indicator and titrate quickly 


against M/50 NaOH solution until a pink colour appears. Record the 
titre value as Vi 


(7) 


(8) 
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Similarly, withdraw’ 10-ml portions of the reaction mixture at times 10, 
20, 30, 50 and 80 minutes and pour into flasks containing 20 ml of 
ice-cold HCl and titrate quickly against the standard (M/50) alkali 


solution. Record the titre values as Va, Vi,, Vip Vi, and Vi, respectively. 


As the reaction advances, the amount of residual alkali decreases and 
so the volume of M/50 NaOH required to back titrate the excess of 
acid increases and will approach 20 ml when the saponification reaction 
is complete. 


Precautions 


1 


As the rate of reaction is very sensitive to temperature changes, the 
temperature of the bath should be maintained constant within +0.5°C 
throughout the course of the experiment. 

For every titration, the time should be recorded when the pipet has 

been half discharged into the flask. ‘ 

The titration should be made as quickly as possible—for this the bulk 

of the expected volume of alkali should be run in quickly and then 

there should be dropwise addition to the first appearance of pink 

colour that persists for at least 10 seconds. 


Observations and Calculations 


Temperature of the bath = 1°C 

Volume of M/25 ethyl acetate taken = 50 ml 

Volume of M/25 NaOH taken = 50 ml 
' Total volume of the reaction mixture = 100 ml 


Therefore, ‘a’ the initial concentration of ethyl acetate 


or NaOH in the reaction mixture = M/25 X aut: 
' =m/s0 — e 

Volume of reaction mixture withdrawn = 10 ml 

Volume of M/50 HCI added = 20 ml 


| @-n= = 
Time ie T i 1, e 10 (a—x) 1 }k=tand 


in min,} value heat 20V 20-V, (a-x) 
Ee a| -500 
(ml) 


a (moles/litre) ' min ‘ 
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Let the volume of M/50 NaOH needed, after ¢ minutes from the start, to 


back titrate excess acid =V,ml - 
V, ml M/50 NaOH = V, ml M/S0 HCI 
Therefore, excess acid = V, ml of M/50 NaOH 
Acid used for residual NaOH in 
10 ml of the reaction mixture = (20—V,) ml of M/50 NaOH 
Residual concentration of NaOH (20-1) 
in the reaction mixture at timer = Se X M/50 


Thus (a—x) at time t 


(en r) 
300 / M 


1 20-V, wan 
= |e tS = M 
Therefore, x n s00 M 500 
— 20-7, 
and Z = A i 
a—x 500 500 
inl (2.39) 
20—V, 
RS: V—10 x 
Substituting Zy for = in equation (2.35), we get 
fe, a Vi-10 (2.40) 
at 20-7, 
where a = M750. 


Results and Discussion 


1. Since the values of k, as calculated by substituting the various values of 
K, for the corresponding z values in the equation (2.40) (the kinetic equation 


for second order), remain almost Constant, the saponification of ethyl acetate 
is a second order reaction. 


2. The average of various val 


lues of k is the velocity constant or rate 
constant of the saponification at t 


he temperature of the experiment. 


Graphical Method 
The rate equation (2.36) for the Second order reaction indicates that a 
1 
eee ery L 
a-x a 


plot of $85 against £ will be a Straight line whose slope (tan @) gives the 
value k: etna BC (2.41) 
5 AB 
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t — 


Fig. 2 Plot of at versus t 
a—x 


Exercises 


21: 


28. 


In experiment 2.3.6, why is the reaction mixture poured into ice-cold 
HC! before titration? 

(a) Under what experimental condition will a reaction between two 
reactants be of first order? 

(b) Can you arrive at the same result mathematically? 

Give some examples of second order reactions. 

Write the expression for the rate constant of a third order reaction 
starting with equal concentration of all the reactants. i 

Why are Third or Higher Order Reactions very rare? 

Give some examples of Third Order Reactions and one example of a 
Fourth Order Reaction. 

Can the order of a reaction be zero? If so, give some examples. 

What is meant by half-life period of a reaction? 

What is the relationship between the half-life period of a reaction and 
the initial concentration of the reactant (s)? 

Outline the usefulness of the study of chemical kinetics. 

Giving one example, explain, how measuring the order of a reaction 
helps in understanding its mechanism. 


bag = 
a OS ee S 
Water 


Water is one of the most essential substances needed to sustain human life. 
animals and plants. It is needed for drinking, cooking, bathing, washing 
(cleansing), for sanitary disposal of domestic and human wastes, and for 
agriculture. It is also one of the most important engineering materials and is 
used for steam generation, as a coolant in power plants, for air-conditioning 
and fire-fighting, and in building and other concrete constructions, Water has 
a unique position in industry. It is needed for the production of such a wide 
variety of materials as steel and other metals, paper, textiles, beverages, dairy 
products, petroleum and coal, tubber: and plastics, automobile industry, and 
as a solvent in chemical Processing. In fact, production units not using water 
for some purpose or the other may be hard to find. It is for this reason that 
before setting up a production unit at a particular site, the quantity of water 
needed, the character and quality of water available and the effect of 
impurities in water on the Process must be Considered. 

Although available in abundance, water from almost all the sources is 
associated with some kind of impurities; their nature and amount varying 
with the source of water. Rain water, the purest form of natural water, 
usually contains dust Particles and gases dissolved from atmosphere, such as 
O», N2, CO; (ammonium salts, HS or H»SO; may be present in rain waters 


in industrial areas). Surface waters (from rivers, ponds, etc.) are usually rich 
in turbidity, Suspended impurities 


œ NO; finely divided clay, etc.) brought 
of mineral deposits and insoluble carbonate 

combined action of high underground 
O2 and CO», and organic acids produced 
y of organic matter with which water has 
been in contact. Sea water is highly impure, containing around 3.5% dissolved 
minerals of which about 2.6% is NaCl, 

Use of impure waters often lead 
tions, decrease in the efficiency of 


wide range of imputitie 


S to many problems like health complica- 
Plants, increased cost, etc, However, of the 
S present, only a few may affect a particular process. 
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Therefore, removal or reduction in the concentration of only these impurities 
is necessary; the rest of the impurities which do not adversely affect the 
process may be allowed to remain as such., For example, water for laundries 
should be soft and free from colour; water for steam generation should be 
free from all dissolved solids and dissolved corrosive gases but removal of 
bacteria is not required. Specifications for drinking water are much more 
stringent with respect to the presence of pathogenic bacteria and certain toxic 
substances (Phenols < 0.005 ppm; As, Cr, Pb, Ag; Mn < 0.05 ppm; Cd, Se, 
cyanide < 0.01 ppm; etc.) but may contain large amounts of substances like 
Ca”, Mg”, Na’, K*, Cl’, SO,”, etc. 

The treatment methods depend on the nature and amount of impurities 
present, which can be determined by analysis. A complete analysis, however, 
is usually not done. The extent of analysis is governed by the purpose for 
which water is to be used and the specifications laid down for the purpose. 
Analysis of the treated water is also carried out to compare the efficacy of 
different treatment processes and to choose the most efficient and economical 
process. 

With the rapid growth in population, improvement in living standards and 
proliferation of industry, the demand for adequate supplies of suitable waters 
is increasing. So the water used in most of the industries and in sanitary 
disposal of human and domestic wastes, the water which is not actually 
consumed but is polluted, has to be reused. The treatment methods for 
recycling and reusing water have to depend on the nature and extent of 
contamination and pollution which can be determined by analysing the used 
water. A few of the routine tests that are carried out on water and waste 
water are discussed in the following pages. 


3.1 Acidity and Alkalinity of Water 

The acidity of a water sample is its capacity to neutralise a base whereas 
its alkalinity is a measure of its capacity to neutralise acids. Natural waters 
may be acidic or alkaline, depending upon the source of water and the 
extent and nature of pollutants from industry and municipal sanitary disposal. 

Most natural waters contain dissolved CO>. It may enter water by absorp- 
tion from atmosphere or may be produced by biological oxidation of organic 
matter with which water has been in contact, e.g.. 


GHO +6 0. = 6 CO; + 6 HO (3.1) 
Hexose bacteria” 
CcHi20s asi,» CH;OH + 2 CO, (3.2) 
Hexose 


CO, content of surface waters is normally much less than 10 mg/1 but 
some ground waters may contain between 30 to 50 mg/1 of CO». When 
waters containing high concentration of CO» are exposed to atmosphere, 
most of COQ, escapes from the solutions as the partial pressure of CO) in 
atmosphere is normally much less. 

Waters may be acidic due to the presence of CO; and/or organic acids 


formed by the decay of organic matter, e.g., 
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GHn 2% CHCHCOOH + 


He propanoic acid 
oy CH;COOH + HCOOH (3.3) 
acetic acid fortnic acid 


Acidity may also arise due to the presence of mineral acids produced by the 
hydrolysis of salts of certain heavy metals such as FeCl; or Ab(SOs)s: 


FeCh + 3 HO Fe(OH); + 3H'+ 3 Cl” (3.4) 


Ab(SO4) + 6 HO 2 Al(OH); + 6H’ +3 S07 (3.5) 
Waters may be alkaline dye to the presence of a wide variety of salts of 
weak acids such as carbonates, bicarbonates, borates, silicates, phosphates, 
etc., and also due to the presence of weak~and strong bases (due to 
contamination with industrial wastes). The major portion of alkalinity in 
natural water is, however, caused by presence of bicarbonates that are 
formed in appreciable amounts when water containing free CO, percolates 
through soils containing CaCO; and/or MgCO;: 


CaCOs(s) + CO. + O —s Ca” + 2 HCO; (3.6) 


MgCO; (s) + CO: + O —> Mg*+2HCO; (3.7) 


Waters softened by lime-soda process always contain excess amounts of 


carbonate and hydroxide, added to ensure complete precipitation of calcium 
and magnesium. Waters 


in which algae are present contain appreciable 
amounts of carbonate and hydroxide as algae remove both free and com- 
bined CO;: 


2 HCO; ———©&. 


CO;* + H,0 (3.8) 
(removed by algae) 


COP Hmo SEO u OH (3.9) 


= oy uy (removed by algae) ats n- 
With ‘borates, silicates and Phosphates making only an insignificant co 
tribution, the alkalinity of natura 


| l waters may be taken as an indication of 
_ the concentration of (i) Hydroxides, (ii) Carbonates, and (iii) Bicarbonates: 
3.1.1 Determination of Free CO» in a sample of water 
Significance 
The CO; content of a 
i Corrosion. When Present in boiler-f 


calculating additional amounts of lime H 
ve nature and the unacceptable taste i 

moved from municipal water supplies by 
aeration or by neutralisation with lime; the choice of the method depending 
upon the amounts of free CO; present in the sample. 
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Reagents Required 
i. Standard Na:CO; solution (N/50) 


2. Phenolphthalein indicator solution. 


Theory X 
Free CO, can be determined by titrating with a standard solution of 


NaOH or NaCO; with which it reacts to give NaHCO;: 
CO. +20H7 —> COŻ +O (3.10) 


CO: + CO; + HO —> 2HCO; (3.11) 
Phenolphthalein is used as indicator and titration is carried to pH 8.3 
indicated by the appearance of pink colour. i 


Procedure 
Collect a water sample in a 100-ml graduated cylinder by means of a 


submerged rubber tubing. To remove air bubbles, allow the sample to 
overflow for sometime. Remove the excess of the sample with the help of a 
pipet and adjust the level to 100-ml mark. Add 5 drops of the phenolphthalein 
indicator (appearance of pink colour indicates absence of CO2) and titrate 
against N/50 Na:CO; solution until the pink colour persists for at least 30 
seconds. Take concordant readings and record the volume used as A ml. 


Precautions 

1. To minimise the loss of CO2 
(a) The titration should be carried out rapidly and the reaction 
mixture should be stirred only gently during the titration. 
(b) ‘In the subsequent samples, the full amount of alkali used in the 
first titration should be first added without stirring. The indicator 
should then be added and the titration completed to the desired 
endpoint by adding extra alkali. 


2. The same amount of the indicator solution should be added while 
taking different readings. 
Observations and calculations 


Volume of water sample taken for each titration = 100 mi 
Concordant volume of N/50 Na2COs used = A ml 


NV: = N2V2 
(CO: ) (Na2CO; ) 


ul 
Ni X 100 = => x A 


Therefore (Normality of the sample w.r.t CO2) = aw 


AX22 
Strength = -50x100 g/l 
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AX22x 1000 ave 
50x100 £ 


=44XA mg/l 


or Free CO, = 


3.1.2 Determination of Acidity of a water sample 


Significance 


acidity of the industria] wastes 
waters (rivers, streams or lakes). 


Reagents Required 


1. Standard sodium hydroxide solution (N/ 50) 
2. Methyl Orange indicator solution 

3. Phenolphthalein indicator solution 

4. Sodium thiosulphate solution (N/10) 


Theory h 
The acidity of a sample may be determined by titrating it against a 

standard alkali solution i 

identification of the stoichiometri 


itary end-point pH. The acidity, therefore, 
re of the amount of a base required to neutralise a give 


OH +H —> Ho ee 

For mine 
methyl orang 
acidity thus determined js called Mei y 


Procedure 
(a) Methyl Orange Acidity: Pipet out 100 
it near the bottom of a titration fl 
to destroy any residual chlorine. 


ml of the sample and anal 
ask. Add 1 drop of N/10 Na»S:0: oe 
Add 2 drops of methyl orange indicator a 


‘ 


| 
| 
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titrate with N/50 NaOH solution until the red colour changes to yellow. 
Take a number of readings andrecord the concordant volume as A ml. 


(B) Phenolphthalein Acidity: Proceed as above using 2 drops of phenol- 
phthalein (in place of methyl orange) indicator and titrate the sample until 
the pink colour persists for at least 30 seconds. Take a number of readings 
and record the concordant volume as B mi. 


Precaution 
(1) To avoid loss of CO», the titration should be carried out quickly and 
vigorous shaking should be avoided. 


Observations and Calculations 


Volume of water sample taken for each titration = 100 ml 
Volume of N/50 NaOH used in presence of 

methyl orange indicator =Ani 
Volume of N/50 NaOH used in presence of 

phenolphthalein indicator =Bml 


(A) Methyl Orange Acidity 
NiV = NoV> 
(Sample ) (N/50 NaOH ) 


Nx100=1%A 
50 


INRA 
or Ni = 50x100 
4 AX50 
Methyl idity = 

yl Orange Acidity (as CaCO; ) 50x100 


_ AX50X1000 
~ 50X100 


= AX10 ppm 

_ BX50X1000 
50x100 

= BX10 ppm 


(B) Phenolphthalein Acidity 


3.1.3 Determination of Alkalinity of a water sample 


Significance : 
Highly alkaline waters being usually unpalatable, upper limits with respect 


to phenolphthalein alkalinity and total alkalinity have been specified for 
municipal water supplies. Alkaline waters when used in boilers for steam 
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generation may lead to precipitation of sludges, deposition of scales and 
cause caustic embrittlement. A knowledge of the kinds of alkalinity present im 
water and their magnitudes is important È 

1. In calculating the amounts of lime and soda needed for water-softening, 

2. In maintaining a pH range where acids produced by hydrolysis of salts 


(like MgCl, FeCl) and Coagulants [Al;(SO;); and Fe2(SO,)3] may be 
effectively neutralised, 


3. In corrosion control, and 

4. _ In internal conditioning of boiler:feed water. A 
Caustic: alkalinity of industrial wastes has to be neutralised before discharging 

them ine rivers or other Teceiving waters. Waters containing alkalinity in 

excess of alkaline earth concentrations are not suitable for irrigation purposes. 


Reagents Required 

1. Standard sulphuric acid solution (N/50 ) 
2. Phenolphthalein indicator solution 

3. Methyl orange indicator solution, 


Theory 
The alkalinity of a water sam 
titrating it with a standard acid t 


acid (A ml) used upto t 
of hydroxide and conversi 


OH +H —> mO Oe ean 
CO: + H* —> HCO,- (3.14) 
The alkalinity measured upto this 
Beyond the Phenolphthalein end- 
orange indicator. The cólour cha 
about 4.5 and the additi 
complete neutralisation of 
obtained from CO7 (Reaction 3.14 ): 


HCO; +H —» 4,0+C0, (3.15)] B ml. 


The total volume of acid (A+B) mi] used in the two titrations, therefore, 
corresponds to the neutralisation of hydroxide, carbonate and bicarbonate 
and is, thus, a measure of Total Alkalinity, also called Methyl Orange 
Alkalinity. Alkalinity is expressed as parts of equivalent CaCO; per million 
parts of water, 

From the measurements for Phenolphthalein Alkalinity and Methyl Orange 
Alkalinity, it is possible to calculate the magnitudes of various forms of 
alkalinity, namely, Hydroxide Alkalinity, Carbonate Alkalinity and Bicarbonate 
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Alkalinity. If it is assumed (with only negligible error) that hydroxide and 
bicarbonate cannot co-exist, as they react to give carbonate: 


OH-+ HCO; —> CO; + HO, (3.16) 


we are left with the following five possible situations: 

(1) Hydroxide-only 

(2) Carbonate only 

(3) Hydroxide and Carbonate 

(4) Carbonate and Bicarbonate 

(5) Bicarbonate only 
(1) When the sample contains only Hydroxide, the neutralisation is complete 
at the phenolphthalein end-point (Reaction 3.13) and so B, the additional 
volume of acid needed for neutralisation to methyl orange end-point, will be 
zero. In this case, Hydroxide-Alkalinity is equal to Phenolphthalein Alkalinity, 
which is also the Total Alkalinity. 
(2) For samples containing only Carbonate, titration to phenolphthalein 
end-point corresponds to the complete conversion of carbonate to bicarbonate 
or what is also known as half-neutralisation of carbonate (Reaction 3.14). 
This means that exactly the same amount of additional acid will be required 
for further titration to methyl orange end-point (Reaction 3.15 ). 
(3) For samples containing Hydroxide and Carbonate, titration to phenol- 
phthalein end-point corresponds to complete neutralisation of hydroxide and 
half neutralisation of carbonate (Reactions 3.13 and 3.14), whereas titration 
from phenolphthalein end-point to methyl orange end-point corresponds to 
neutralisation of bicarbonate (Reaction 3.15) obtained from carbonate in 
reaction 3.14 

Hence in this case, A > B. Also, the acid required to neutralise the 
hydroxide (Reaction 3.13) is (A — B) ml and that required for the complete 
neutralisation of carbonate (Reactions 3.14 and 3.15) is 2B ml. 
(4) For samples containing Carbonate and Bicarbonate, the titration to 
phenolphthalein end-point (A ml) corresponds to half-neutralisation of 
carbonate, i.e., conversion of carbonate to bicarbonate (Reaction 3.14) and 
the titration from phenolphthalein end-point to methyl orange end-point (B 
ml) represents half neutralisation of carbonate [i.e. the neutralisation of 
bicarbonate obtained from carbonate, which requires another A ml of the 
acid] and neutralisation of bicarbonate originally present in the sample. 


HCO; +H —> CO: + H:O (3.15a)] A ml 
(obtained from CO,” ) B mi 
HCO; +H' —> CO:+ H:O (3.15b) 
(originally present ) 
For such a mixture, evidently, B > A. Carbonate Alkalnity is equivalent to 
2A ml of the acid and Bicarbonate Alkalinity is equivalent to (B — A) ml of 


the acid. ; 
(5) When the sample contains Only Bicarbonate, it does not give a pink 
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colour with phenolphthalein indicator. Therefore A, the volume of acid 
consumed with phenolphthalein indicator is Zero. Titration to methyl orange 
end-point represents the complete neutralisation .of bicarbonate (Reaction 


3.15). Bicarbonate Alkalinity is therefore equal to Total or Methyl Orange 
Alkalinity. 


Procedure : 

With a pipet, transfer 100 mi of the water sample into a titration flask. 
Add 2 drops of phenolphthalein indicator and titrate against Ny 50 HSO; 
until the pink colour just disappears. Record the volume of acid consumed 
as A ml. To the same solution add 2-3 drops of methy! orange indicator and 
titrate further until the colour changes from yellow to red. Record the 


additional volume of acid consumed as B ml. Repeat the whole process a 
number of times to get concordant readings. 


Observations and Calculations 
Volume of sample taken for each titration = 100 mi 


Volume of N/50 H,SO, used to phenolphthalein end- 
Additional volume of N/50 acid used to 


methyl orange end-point B ml 
N, V, N 2 V2 
(sample) (N/50 acid) 


NiX100 aly, 


point =Anml 


or N, TXAL 


Strength (in terms of CaCO;) = 4 xX AX aX 50 g/l 


1 


or Phenolphthalein Alkalinity = 2 X A X —X 50 X 1000 mg/l 


100 
= 10 X A ppm 
Similarly, Total Alkalinity. or 1 
Methyl Orange Alkalinity == X (A+B) X ua 50 X 1000 mg/l 
50 100 
=10x (A+B) ppm 
Hydroxide Alkalinity 


1 1 / 
= wh u X 1000 mg: 
5 X (A B) X i X 50 


= 10 X (A—B) ppm 
Hydroxide Ion Concentration 


1 1 
ZENIAN — X 17X 1000 mg/l 
59 XA B) X 5 x 


10 X (A—B) X 0.34 ppm 
Hydroxide Alkalinity X 0.34 ppm 
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1 


Carbonate Alkalinity =~ 28 x + x 50 x 1000 


Carbonate Ion concentration 


50 100 
= 10 X 2B ppm when A > B 


1 
and =z X 2A X aX 50 X 100 


10 X 2A ppm when A < B 


Il 


30 
10x 2B X = 


= 6 X 2B ppm when A > B 
=6 


and X 2A ppm when A < B. 
ki BAAN Y ae alin 
Bicarbonate Alkalinity =z X (B—A) X 100 X 50 X 1000 
= 10 X (B—A) ppm 
Bicarbonate Ion concentration = 10 X (B—A) X sí ppm 


= Bicarbonate Alkalinity X 1.22 ppm 


Exercises 


38. 


89; 


40. 


41. 


42. 


43. 
44. 


Write the structural formula of methyl orange. In what forms does it 
exist in acidic and alkaline medium? 

Write the structural forms of methyl! red indicator in alkaline and 
acidic medium. 

Explain the action of phenolphthalein as an acid-base indicator. 

In the determination of free CO», (a) Why is it preferable to use a 
standard solution of Na2CO; instead of NaOH? (b) If NaOH solution 
is used, how will the results be affected if it is not free from Na>CO:? 

In the presence of heavy metal saks, what modification would you 
suggest to complete the titration rapidly? 

What is the source of mineral acidity in water? 

In acidity and alkalinity measurements, the titrant used (NaCO; or 
H2SO0; ) is usually N/50. Why? 


3.2 Chloride Content 
Chlorides usually occur as NaCl, CaCl, and MgCl, and in widely 
varying concentrations, in all natural waters. They enter waters 


(a) 


by solvent action of water on salts present in soil, 


(b) from polluting materials like sewage (containing the salt used in 


(c) 


household ) and trade wastes (containing chloride used in manufactu- 
ring ), and 
In areas around sea from (i) salt-water droplets carried inland, by 
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wind, as spray from the sea, (ii) invasion (upstream flow) by 
waters into rivers that drain into sea. 


ahs y ; i 
Tecan at concentrations above 250 ppm, chen rica 
unacceptable taste to waters although no adverse affects have ate 
on human beings regularly consuming waters with much higher con es as 
of chlorides. Exceptionally high concentration of chloride in a t ana 
compared to that in other waters in the general vicinity and Eora ie 
unpolluted) may be considered as an indication of contamination y 
waste water. Chloride ion concentration should be known ; ee 

{i) for deciding the type of desalting apparatus when brackish waters 

to be used 
(ii) for treating industrial wastes 


before discharging them into natural 
bodies of water 


i ion 
(iii), for controlling pumping of ground water ftom sea coasts where invasio 
by sea water can take place, and 


Ree ide 
(iv) for applying correction factor in COD determination (where chlori 


interferes ) 
3.2.1 Determination of Chloride Content of a water sample by Mohr's 
Method (A rgentometric) 
Reagents Required 
1. Standard silver nitrate solution (N/50) 
2. Potassium chromate indicator solution (K>CrO, ) 
3. Solid CaCO. 


Theory 

Chloride ions in a n 
titration with a standa 
pH must be in the ra 
at higher pH 


z i b 
eutral or faintly alkaline solution can be cimata 
rd solution of AgNO; using KCrO; as AEON 
nge of 7 to 8 because Ag" ion is precipitated as 


611 
Ag’ + OH-=— AgOH (Ky 2.3 X 10") G.17) 
and CrO,” is converted to CrO? at lower pH 


2 CrO? + 2H* = 2 HCO, == CrO + HO (3-18) 
HCrO." being a weak acid, Cro, 
higher concentration of Ag* for 
exceeded, thus leading to higher 
achieved easily by adding a pinc 
coloured solution obtained at the e 
determination (experiment 3.1 $3); 


-ion concentration is decreased nee 
the solubility product of Ag:CrO4 SRA 
results. The required pH range Ca naa 
h of pure CaCO; to the pink anb 
nd-point of the Methyl Orange Alka! 


19 
2H’ + CaCO, —> Catt CO, +O G.19) 
Excess CaCOs, being insoluble, does not interfere. 
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As AgNO; solution is added from the burette to the chloride ion sample 
containing CrO,”° Ag’ reacts with both Cl- and CrO,” forming the respec- 
tive precipitates: 

Ag’ + Cl E= AgCl (Ks = 3 X 10°) (3.20) 
white ppt. 
2 Ag’ + CrO = AgCrO; (Ks = 5 X 10°) (3.21) 
reddish-brown ppt. 


But the red colour formed by the addition of each drop of AgNO; disappears 
because of the large concentration of Cl" ions in the solution: 


AgoCrO, + 2 Cr == 2 AgCl + CrO? (3.22) 


As the concentration of Cl- ions decreases, the red colour disappears more 
slowly and when all the chloride has been precipitated, a faint reddish or 
pinkish tinge persists in the white precipitate even after brisk shaking. 


Procedure 

Add a pinch of pure CaCO; to the solution obtained at the end of Methyl 
Orange Alkalinity determination, so that the red or pink colour vanishes. 
Add 1-1.5 ml of K2CrO, indicator solution and titrate against N/50 AgNO; 
taken in the burette until a permanent pink tinge persists in the white 
precipitate. Repeat the whole process a number of times to get concordant 
readings. Record the concordant volume as A ml. 


Precautions 

(1) The whole apparatus must be washed with distilled water. 

(2) The same amount of the indicator must be added each time. 

(3) The reaction mixture should be briskly shaken during the titration. 


Observations and Calculations 
Vulume of the sample taken each time = 100 ml 
Concordant volume of N/50 AgNO; used =Anl 

Ni Vi = N2V2 


(CI ion sample ) (AgNO; ) 


Therefore N= 30 x AX 100 
5 ral ue 
Strength of CI ions = 50 xAX 100 X 35.5 g/l 


1 i} 
=— —X 35.5 X 1 
XA X 799 % 35:5 1000 mg/ 


50 
= 7.1 X A ppm 
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Exercises 

45. How is the pH adjusted when the alkalinity is not being measured? 

46. How does the presence of NH,” ions in the sample affect the 
determination? 

47. What is meant by indicator-blank correction? How can it be avoided 
in the chloride ion estimation? 

48. What is the effect of temperature on the determination? 


49. How is the test performed on waters having (i) colour and turbidity, 
and (ii) H:S odour? 


3.3 Hardness 


Water samples that do not readily produce lather with soap, or deposit 
scale on the walls of the container when there is appreciable change 1S 
temperature, are called Hard Waters, Principal hardness-causing cations are 
Ca™ and Mg”. Other divalent metallic cations that cause hardness are Fe", 
Mn™ and Sr” but these are usually present in small amounts, The cations 


Teact with soaps (sodium or potassium salts of fatty acids ) to form precicpi- 
tates: 


2 Ci7HisCOONa + M“ _, 
Sodium stearate Hardness 
(Soap ) causing cation 


Lather is produced only after sufficient soap has been added to precipitate all 
the hardness Causing ions. 

At higher concentrations, these jo; 
anions (CO,;” , SO,?-, Cr, NO; , SiO,">, etc. ) and produce scale. al 

Al” and Fe” may also contribute to the hardness of water but their ionic 
concentrations in natural waters are generally negligible. Surface waters 
contain very small amounts of dissolved impurity. However, rain water 
percolates into soil, it dissolves CO, (released by bacterial action on organic 


matter) and attacks basic materials like limestone formations, dolomite, etc., 
and dissolves the insoluble carbonates 


(C\7H;sCOO);M +2 Na (3.23) 
ppt 


ns associate themselyes with certain 


MCO; + CO, + MO —> M(HCO; ) [M = Ca, Mg, Sr]. (3:24) 


silicates, etc., of Ca, Mg, Na; K, Al, etc, present as 
estone become exposed to the solvent action of water 
, thereby adding to the hardness of water. i 
Hardness is generally reported in terms of calcium carbonate equivalent 
and is calculated by the general formula: 
Hardness (in mg/1) _ yy. 50 
ALO M” (in mg/1) X 


eq. wt. of M” Gea 


[50 being the eq. wt. of CaCO3] 
where M” is any divalent metallic ion. 
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Units of Hardness 
l; Parts per million (ppm) is the most commonly used unit of hardness 
and represents the number of parts of calcium carbonate, equivalent to 
hardness causing ions present, per million parts of water. 
1 ppm = 1 part CaCO; equivalent hardness in 10° parts of water 

= 1 g CaCO; equivalent hardness in 10° g water 

= 1 mg CaCO; equivalent hardness in 10° mg or 10° g water 

= 1 mg CaCO; equivalent hardness in 1 litre of water. 


2. Degree Clark (°Cl) is the number of grains (1 grain = sin Ib) of 


CaCO; equivalent to hardness causing ions in one gallon (10 Ibs ) of water. 


1 
Thus 1°Cl= 7000 parts of CaCO; equivalent hardness in 10 parts of water 


= parts of CaCO; equivalent hardness in 1 part of water 


10° 
~ 70000 


= = = 14.3 ppm 


parts of CaCO; equivalent hardness in 10° parts of water 


3. Degree French (°F) is the number of parts of CaCO; equivalent to 
hardness causing ions in 10° parts of water.. 
Thus 1°F = 1part CaCO; equivalent hardness in 10° parts of water 
6 5 ` -: 
= r, parts CaCO; equivalent hardness in 10° parts of water 


= 10 ppm 


Relationship between various units: 1° F = 10 ppm = 0.7° C] 

Water is generally called— 

Soft, when the degree of hardness is < 75 ppm 

Moderately hard, when the degree of hardness is between 75-150 ppm 
Hard, when the degree of hardness is between 150-300 ppm 

Very hard, when the degree of hardness is > 300 ppm. 


Types of Hardness 

The portion of the total hardness that can be largely removed by boiling is 
known as Temporary Hardness. Boiling converts the bicarbonates present 
into insoluble carbonates and hydroxides, which can be removed by filteration. 


Ca(HCO;), —> CaCO; + HO + CO, (3.26) 
Mg(HCO;), —> Mg(OH} + 2CO, (3.27) 
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The portion of the hardness that cannot be removed by boiling is termed as 


Permanent Hardness. 


In order to relate the hardness to the chemical species, it is eat cla = 
tefer the part of the total hardness that is chemically equivalent to 


bicarbonate plus lka 
amount of hardness which is in 
(NCH). 


carbonate alkalinities as Carbonate Hardness (CH) and the 
ness ` excess of CH as Non-Carbonate Hardnes 


With respect to the metallic ion present, hardness is classified into caom 
Hardness and Magnesium Hardness (other cations being neglected as their 
contribution to hardness is not appreciable ). 


3.3.1 Outline of Various Methods 


(1) Hardness is best calculated from a co 
Total hardness in ppm = 2.5 X mg/l of Ca2* + 


mplete mineral analysis of waten 
4.12 X mg/1 of Mg” + 


ie 
(1.79 X mg/1 of Fe? + 1.82 x mg/l-of Mn” + 


1.14 X mg/1 of Sr”), 


(3.28) 


[Fe = 55.85, Ca = 40, Mg =24.3, Mn = 54.9, Sr = 87.6] 


The last three make only an insignificant co 


As both alkalinity and hard 
NCH may be calculated as follows: 


When alkalinity 
CH (in ppm) 
When alkalinity 
CH (in ppm) 
NCH 


ntribution to total hardness. 


ness are expressed in terms of CaCO;, CH and 


total hardness 


Alkalinity (in ppm) (3.29) 
total hardness 0 
Total hardness (in ppm) (3.30) 


Total hardness—CH. 


(2) Hehner’s Method. Boiling removes Temporary Hardness by converting 
bicarbonates into ; 


o insoluble Carbonates 


3.27] which are removi 


in alkalinity. Measurement of 
a method of determination of 


ed by fi tration, thi 
alkalinity 
temporary hardnéss. 


and hydroxides [reactions 3.26 and 
ereby causing an equivalent Sate 
before and after boiling thus affords 


(3) Determination of Permanent Hardness using a mixture of NaCO; and 
NaOH, An aliquot of th 


of alkali mixture (NaCO; 


+N 
due to Ca” and Mg”; 


e hard water sa 


Ca™ + CO,» 


Mg” 


Tmo CaCO; 
+20H —, Mg(OH ); 
The excess of the unused alkali is back- 


mple is boiled with a known sre 
aOH). This Precipitates permanent hardnes 


(3.31) 
(3.32) 


titrated with a standard acid using 
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methyl orange indicator. The permanent hardness of the sample can be 
calculated from the amount of the alkali mixture consumed. Ca(HCO; ) and 
Mg(HCO: ) present in the sample do not consume any alkali as an equivalent 
amount of Na>CO; is produced. 


Ca(HCO; ), + 2 OH- -—> CaCO; + CO;>+2H0 (3.33) 
Mg(HCO:) +4 OH" —> Mg(OH} + 2CO;> + 2H2O (3.34) 


It is customary, however, to remove temporary hardness by boiling before 
the addition of alkali mixture. 


(4) Determination of Magnesium Hardness using NaOH/lime water 
The carbonate. hardness (CH) of the hard water sample is converted into 
non-carbonate hardness (NCH) by neutralising a definite volume of the 
sample with HCl to methyl orange end-point, or best the solution at the end- 
point of methyl orange alkalinity determination experiment is taken and 
heated to boil off CO». A known excess of NaOH (Lime water is preferred 
as NaOH may contain NaCO; as impurity) is added and the reaction 
mixture is boiled gently for 10-15 minutes. Magnesium hardness is precipitated 
as Mg(OH): : 

Mg” + 20H" —> Mg(OH) (3.35) 


The precipitate is filtered and the excess of NaOH (or lime) left unconsumed 
is determined by titrating the filtrate against standard acid. The amount of 
NaOH (or lime) consumed is a measure of the magnesium hardness of the 
sample. 


(5) Soap Titration: The fact that sufficient soap solution has to be added 
to precipitate all the hardness causing ions from a hard water sample before 
lather is formed is utilized in the determination of hardness. A suitable 
aliquot of the hard water sample is taken in a stoppered flask and after 
successive additions of a soap solution (previously standardised by titration 
against standard hard water) from a burette, the mixture is vigorously 
shaken. The stage where the lather formed persists for 2-3 minutes is taken 
as the end-point of the titration. The hardness of the water sample is 
equivalent to the volume of the soap solution used. minus lather factor 
(Volume of soap solution used to produce lather with a volume of distilled 
water equal to the aliquot of the hard water sample ). 


3.3.2 Determination of Hardness by EDTA 


Significance of Hardness Determination 

Though hard waters are as palatable as soft waters, a knowledge of the 
magnitude and type of hardness is important in determining the suitability of 
a water for domestic and industrial purposes. Use of hard waters for 
cleansing purposes’ is unsatisfactory as they increase the oe of 
soaps. This drawback has been partly overcome by the use of synthetic 
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detergents but for personal hygiene, soap is preferred and hard waters remain 
objectionable. Hard waters offer difficulties in dyeing of textiles, are wee 
nomical and even hazardous in steam generation and impart many of the 
undesirable characteristics to the finished products in paper industry, beverages, 
dairies, and allied industries. Soft waters are required for an innumerable 
number of other industries also. in) ; 

In devising an efficient and economical softening process, determination O 


total hardness and the relative amounts of CH & NCH and calcium & 
magnesium hardness is important. 


Regents Required 
1. Standard hard water (N/56, 1 ml = 1 mg CaCO; ) 
2. EDTA solution (N/50) 

3. Ammonium chloride-ammonium h 
4 


ydroxide buffer (pH ~10). 
Eriochrome Black T indicator solu 


tion. 
Theory 
The disodium salt of ethylenediamine tetraacetic acid (EDTA ) 
_EN-CHh-CH-N 
HOOC.CH; f N.cH.COONa 
ionises in water to give 2 Na’ ions and a strong chelating agent 
“OOC-CH, „~ CH.COOH 
7 N-CH2-CH2-N 
HOOC-CH; ~ cH:coo- 
which for simplicity can be represented by H-Y*™. It forms complexes with 
Ca™ and Mg” and other divalent or higher valent cations represented by the 
reactions: 
M“ +MY —> MY+2H (E10) 
M” + BY? — MY" 4 opt 3:37) 


The dissociation of these complexes is governed by the pH of the solution 
and the complexes with har 


s ness causing divalent ions are stable in alkaline 
medium (pH range 8-10). 


The Indicator used is a complex organic compound [sodium-1-(1-hydroxy- 
2-naphthylazo ) -6-nitro-2-naphthol-4- sulphonate]: 


OH OH 


NÁO;S O RS i 
= QQ 


NO, 
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commonly known as Eriochrome Black T. It has two ionisable phenolic 
hydrogen atoms and for simplicity is represented as Na’ HoIn- : 


ON red US) 3- 
HəIn 35° Hin “10, In (3.38) 
Red Blue Yellowish orange 


In the pH ‘range 7-11, the indicator reacts with the metal ion to form a weak 
complex with a wine red colour: 


HIn® + M*=——= Min-+ H* (3.39) 


i 


Blue Wine red 


Buffer Solution: The optimum pH for the experiment is 10.0 + 0.1 and is 
adjusted by NH4OH + NH;C! buffer. 

When a small amount of the indicator solution is added to a hard water 
sample whose pH has been controlled by the addition of the buffer solution, 
the indicator reacts with Mg” to produce 


Mg” + HI —> Mgin-+ H’ (3.40) 


wine red colour. As EDTA (H2Y’ ) is added, free Ca” ions are first 
complexed to CaY” , this being the most stable complex; 


Ca + HY” —> CaY* + 2H" (3.41) 
Free Mg” ions then react to give Mg-EDTA complex which is less 
Mg” + HY” — MgY’ + 2H’ (3.42) 


stable than Ca-EDTA complex but more stable than Mg-indicator complex. 
Therefore, if an extra drop of EDTA is added after all the free Ca” and 
Mg” ions have been complexed, EDTA takes up Mg™ from the weak Mg- 
indicator complex to form stable Mg-EDTA complex simultaneously liberating 
the indicator in the free form 


MgIn- + HY —> MgY* + Hin” + H* (3.43) 


(wine red ) (Pure blue ) 
which makes the end-point of the titration. 


Procedure 


(a) Standardisation of EDTA solution with Standard Hard Water 
(1 ml S.H.W. = 1 mg CaCO; ) 
Pipet out 10 ml of standard hard water into a conical flask. Add to it 40 
ml distilled water with a measuring cylinder, 2 ml of buffer solution and 2 
drops of Eriochrome black T indicator. A wine red colour appears. Titrate 
against EDTA solution, taken in the. burette, to a colour change from wine 
red to pure blue. Record the volume of EDTA used as A ml. Take three 


Goncordant readings. 
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(b) Determination of Total Hardness: Pipet out 50 ml of the hard water 
sample into a conical flask, and 2 ml buffer solution and 2 drops of the 
indicator. Titrate against EDTA till the wine red colour. changes to pure blue. 


Record the volume of EDTA used as B ml. This corresponds to the total 
hardness of the water sample. 


(c) Determination of Temporary and Permanent Hardness: Take 250 ml of 
the hard water sample in a 500-ml beaker and boil gently for about one 
hour. Cool; filter into a 250-ml measuring flask and make the volume up to 
the mark. Take 50 ml of this solution and proceed in the same way as in 
(b) above. The volume of EDTA used (C ml) corresponds to permanent 


hardness of the water sample. Temporary hardness is calculated by subtracting 
permanent hardness from total hardness. 


(d) Determination of Calcium and Magnesium Hardness 
/ 


Method I 


Reagents Required 
1, Standard EDTA solution (N/ 50, 1 ml 
as in (a) above 
2. Diethylamine 
3. Calcon indicator solution. 


= | mg CaCO; ) or standardise 


Theory 


2+ + Leet) 
Mg“ in the hard water sam 


ple is precipitated as Mg(OH); by adding 
` diethylamine which raises the pH 


of the solution to about 12.5. 
Mg” + 20H —> Mg(OH) (3.44) 
Ca™ can then be titrated with EDTA using calcon indicator: 


O N=N ©) SO:Na 
©) O 


[Calcon, Solochrome Dark Blue or Eriochrome Blue Black R—Chemical _ 
name is Sodium 1-(2-hydrox 


y-1-naphthylazo)-2-naphthol-4-sulphonate]. The 
colour change at the end-point is from pink to pure blue. 


Procedure 


Pipet out 50 ml of the hard water sample into a conical flask. Add 3 ml 
of diethylamine and 4 drops of calcon indicator. Keep the flask on a 
magnetic stirrer and titrate against Standard EDTA solution until the colour 
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changes from pink to pure blue. The volume of EDTA used [D; ml] 
corresponds to calcium hardness. Magnesium hardness is obtained by 
subtracting calcium hardness from total hardness. 


Method IT 


Reagents Required 

1. Standardised EDTA solution 

2. Calcium precipitating buffer solution 

3. Ammonium chloride~ammonium hydroxide buffer (pH ~10) 
4. Eriochrome Black T indicator solution. 


Theory 
Ca™ in the hard water sample is precipitated as calcium oxalate by adding 


calcium precipitating buffer solution: eee 


+ NHC! + NH,OH|: 
COONH, 


coo. coo — (3.45) 


White ppt. 


(eer ie ee COO 


The precipitate is filtered and Mg” in the filtrate is titrated with standard 
EDTA using Eriochrome Black T indicator. 


Procedure 

Measure out 200 ml of the hard water sample into a 500-ml dry beaker 
and add 40 mi of the calcium precipitating buffer solution while constantly 
stirring the mixture with a glass rod. Allow the precipitate to settle down for 
about 1 hour and filter through a dry funnel fitted with two pieces of 
Whatman filter paper No. 42 into a dry flask. Do not wait for the filtration 
to be completed. Measure 60 ml of the filtrate into a conical flask, add 50 
ml of distilled water, Sml NH;OH/NH:Cl buffer (pH ~ 10), 4 drops of 
Eriochrome black T indicator and titrate against standard EDTA solution. 
The volume of EDTA used (D2 ml) corresponds to magnesium hardness. 
Calcium hardness is obtained by subtracting magnesium hardness from the 
total hardness. 


Calculations 

(a) Standardisation of EDTA solution: 

1 ml S.H.W. = 1 mg CaCO; 

A ml EDTA = 10 ml S.H.W 
= 10 mg CaCO; 


| 


0 
1 ml EDTA A mg CaCO; 
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(b) Total Hardness: 
50 ml hard water 


1 ml hard water 


1000 ml hard water 


or Total hardness 


(c) Permanent Hardness: 
50 ml hard water 


1000 ml hard water 


or Permanent hardness 


Temporary hardness 


(d) Method I-Calcium Hardness 


50 mi hard water 


1000 ml hard water 


Therefore, Calcium hardness 


Magnesium hardness 


= B ml EDTA 


=x" mg CaCO; 


= 10 
= BX D0 | mg CaCO; 


A 1000 
=BX ox 100 50 CaCO; 


X 200 mg CaCO; 


= Total hardness—-Permanent hardness 


bee Ze 
=|x X 200 E x 200] ppm 


= D; ml EDTA 


=D, x E mg CaCO; 


1000 


=p, x 10,, 1000 mg CaCO3 


A 50 


D 
= a X 200 mg CaCO, 


D, 
A X 200. ppm 


42 x 200 — 2x 200] ppm 


A 
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Method II - Magnesium hardness 
240 ml filtrate = 200 ml hard water 
_ 200 
1 ml filtrate = 740 ml hard water 


60 ml filtrate = Em ml hard water 


= 50 ml hard water 


Therefore, hardness of 60 ml of filtrate is equal to the magnesium hardness 
of 50 ml of hard water sample. 


50 ml hard water = D, mi EDTA 
=D, X £ mg CaCO; 
1000 ml hard water =D x 2x 38 mg CaCO; 
$ D: 
or Magnesium hardness = TA X 200 ppm 
5 B DS 
Calcium hardness =|q * 200 = = x 200 ppm 


A 


Exercises 

50. Which is the best method of hardness determination and why? 

51. What is the effect on the end-point with Eriochrome black-T indicator 
if the hard water sample does not contain Mg’? 

52. To obtain a sharp end-point with Eriochrome black-T indicator, how 
can Mg” ions be added without introducing any error. 

53. Why and how is the pH value adjusted to about 10? 

54. Describe and calculate the hardness of water samples giving the 
following analysis: 


(a) Impurity Amount in Impurity Amount in 
mg/1 or ppm mg/1 or ppm 

Ca” 20 so," 96 
K“ 39 HCO; 183 
Na’ 23 cl 35.5 
Mg” 48.6 

(b) Mg” 24.3 cr 35.5 
Na" 23 sO,” 48 
Cat 40 HCO, 305 
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55. 100 mi of a water sample required 10 ml of N/50 HCI for neutrali- 
sation to methy! orange end-point. Another 100 ml of the same 
sample, after being boiled. and filtered, required 0.2 ml of N/50 HCl 
for complete neutralisation. Calculate temporary hardness `of water 
sample (Hehner’s method ). 

100 mil of a hard water sample were taken in a 250-ml beaker and 
boiled to precipitate temporary hardness. 20 ml of an alkali mixture 
solution (NaOH + Na2CO;), whose 10 ml required 8 ml of N/ 10 
HCI for neutralisation to methyl orange end-point, were then added. 
The reaction mixture was heated to boiling, cooled and filtered. The 
filtrate required 13 ml of N/10 HC! for complete neutralisation. 
Calculate permanent hardness of the water sample. 

100 ml of a hard water sample -were neutralised with HC! using 
methyl orange indicator. The solution was then boiled with 25 ml of 
N/50 NaOH and filtered. The filtrate required 21 ml of N/50 HC! 
for complete neutralisation. Calculate magnesium hardness of the 
water sample. 

70 ml of a’ standard hard water (containing 0.28 g CaCOs/litre ) 
Tequired 20.1 ml of a given soap solution for producing lather that 
persisted for 5 minutes. 70 ml of tap water under the same conditions 
required 14.5 ml of soap solution. 70 ml of the same water sample, 
after being boiled, filtered and diluted with distilled water to original 
volume, required 5.4 ml of the soap solution. If 70 ml of distilled 
water requires 0.5 ml of the same soap solution for producing lather, 
calculate total, permanent and temporary hardness of tap water 1 
degrees Clark. Also report the result in degrees French and in pp™- 


56. 


57. 


58. 


3.4 Dissolved Oxygen (D.O,) and Oxygen Demand 

Oxygen is poorly soluble in water. Since it does not react with water 
chemically, its amount Present in water at saturation at any given temperature 
and pressure can be. calculated by Henry’s law. Under a pressure of one 
atmosphere, the Solubility of oxygen of air in distilled or fresh ‘waters with 
low Solid concentrations varies from 14.5 mg/1 at O°C to about 7.5 mg/l 
at 30°C. The solubility is less in saline waters and at a given temperature 
decreases with increase in the Concentration of the impurities. 


3.4.1 Determination of Oxygen dissolved in ‘a water sample 


Significance of the Test 

In steam generation, D.O. is one 
of the boiler material, From boile 
and chemicals means, Measurem 
processes. 


of the important factors causing COTTOS! i 
t-feed water, D.O. is removed by avant 
ent of D.O. is necessary to control these 


If sufficient D.O. is not present in polluted water, nuisance conditions ate 
developed due to anaerobic degradation of the pollutants. D.O. test 1s thus 
vital as a means of controlling the rate of aeration to ensure aerobic 
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conditions and also to prevent excessive use of air. The test also helps in 
maintaining dissolved oxygen levels that will support the desired aquatic life 
(fish, etc. ). 


Reagents Required 

Standard sodium thiosulphate solution (N/40 ) 
Potassium permanganate solution (N/10) 
Potassium oxalate solution (2% ) 

Manganous sulphate solution (48% ) 

Alkaline potassium iodide solution 

Freshly prepared starch solution 

Concentrated sulphuric acid. 


Sol ON ACRE 3A RO 


Theory 

The iodometric (Winkler) method is based on the fact that in alkaline 
medium D.O. oxidises Mn” to Mn“, which in acidic medium oxidises I to free 
iodine. The amount of iodine released, which can be titrated with a standard 
solution of sodium thiosulphate, is thus equivalent to the D.O. originally 
present. 

In the modified Winkler method, the interference due to certain oxidising 
agents such as NO} or reducing agents such as Fe or SO} is removed by 
treating the sample with an excess of KMnO; in acid medium. The following 
reactions take place : 


NO; + HO — NO; + 2H" + 2e] X 5 
MnO; + 8H’ + 5e —> Mn” + 4H>O ] X 2 
5NO; + 2MnO; + 6H” —> 5NO;+2Mn™+3H0 (846) 
SO; + HO — SO} + 2H’ + 2e] x5 
MnO; + 8H” + Se —> Mn” + 4H20] X 2 
5SO3 + 2MnO; + 6H" — SSO* + 2Mn” + 31,0 (3.47) 


Fe* — Fe’ +e]X5 
MnO; + 8H’ + 5e —> Mn” + 4O 
MnO BEE Toaca Sage SES nae e eT 
5Fe” + MnO; + 8H’ — 5Fe* + Mn” + 4H>O (3.48) 


NO; and SO; formed in réactions (3.46) and (3.47) do not interfere. Fe” 
interfers only when present in amounts above 10 mg/1. This interference is 
avoided by converting Fe? into poorly dissociated complex FeF} by adding 
KF: 


Fe” + 6F° — FeFi ; (3.49) 
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Excess of KMnO; is destroyed by adding potassium oxalate : 
MnO; + 8H’ + Se —> Mn” + 4H;0] x 2 
CO; — 2CO, + 2e]X5 
2MnO; + 16H’ + 5C,07 —> 2Mn” + 10CO, + 8H:0 (3.50) 
MnSO; and alkaline KI are then added when a white precipitate of 
Mn(OH); is formed. 
Mn” + 20H — Mn(OH), (3.51) 


The oxygen dissolved in the sample oxidises some of the Mn’ to Mn” 
which is precipitated as brown hydrated manganese dioxide : 

Mn” + 40H —> MnO(OH), + H2O + 2e] X 2 

O: + 2H>O + 4e — 40H> 


2Mn™ + O: + 40H” —> 2MnO(OH), (3.52) 
(or MnO: H20) 


(This process is sometimes called fixation of oxygen). 


On acidifying the solution, manganese in the higher oxidation state oxidises 
I to free iodine : 


MnO(OH), + 4H* + 2e — Mn” + 34,0 
21 —> h+2e 
MnO(OH); + 4H" + 27 —> Mn? +14 30 (8-53) 


The iodine liberated is titrated -with standard Na2S20O; solution using freshly 


prepared starch solution as indicator: 
D2 SS 20° 
28:05 —> SOF + 2¢ 


L+ 280; — a + SOF w (3.54) 


Procedure 

Collect the water sam 
With the help of a grad 
drops) KMnO; solutio; 
ee pa tial fai times. If the permanganate colour disappears 
oxalate solution, stopper an 


solution if the permanganate colour is not discharged within 10 minutes. 
Add 2 ml of MnSO, soluti e Ai i 
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conc. H»SO;. Stopper and mix until the precipitate is completely dissolved. 
Take 204.4 ml (with a measuring cylinder) of this solution in a titration flask 
and titrate slowly against (N/40) Na>S2O; solution. When the colour of the 
solution is very light yellow, add about 2-ml of freshly perpared starch 
solution and continue the titration to the first disappearance of the blue 
colour. Repeat the whole experiment two to three times and record the 
mean volume of Na2S2O; used as A ml. 


Precautions 

(1) As far as possible, the sample should not be allowed to come in 
contact with air. 

In most cases of interest, the D.O. level of the sample is below saturation, 
and exposure to air will lead to higher results. For reducing the contact of 
the sample with air— 

(a) the sample should be collected from the tap using a rubber 
tubing whose other end should be lowered to the bottom of the 
bottle. Water should be allowed to overflow for sometime. 

(b) the stopper of the bottle should be removed only when some 
reagent is to be added. 

(c) while replacing the stopper, care should be taken to exclude air 
bubbles. 

(2) While adding various reagents, the tip of the graduated pipet should be 
dipped below the surface of the liquid. 

(3) The flocculated material formed on addition of alkaline KI should be 
moved throughout the solution to enable all the oxygen to react. The 
reaction [which may also be represented as stoichiometric absorption of 
dissolved molecular oxygen by Mn(OH)): 7 


2Mn(OH): +O; —> 2MnO(OH): (3.52a)] 


being slow, sufficient time should also be allowed. , 
(4) While adding the reagents and replacing the stopper, the bottle should 
be placed in a trough or basin as some liquid will always overflow. 


Observations 

Total volume of the sample taken = 300 ml 

Volume of reagents added during 

the preparation of iodine solution = (0.7 ml H>SO; + 0.2 ml KMnO, 


+ 0.5 ml K:C:0, + 2 ml MnSO, 
+ 3 ml alkaline KI) = 6.4 ml. 


Volume of perpared solution 
_(iodine) taken for titration = 204.4 ml 


Mean volume of N/40 Na2SO; used = A ml 


Calculations i 
6.4 mi of the reagents have been added under such conditions that 
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approximately equal volume of the sample is displaced. This dilutes the 
sample and so a correction is needed. Volume of the original sample that 
will, be equivalent to 204.4 ml of the prepared (diluted) solution is given by 


Total volume of the sample — volume displaced by reagents X 204.4 


Total volume of the sample 


_ 300-6.4 | S 
SET X 204.4 = 200 ml 


Thus the iodine content of 204.4 ml of the prepared solution (diluted 


sample) is equivalent to the D.O. of 200 ml of the original sample. Then 
using the normality equation 


N: V, = N2V2 
(Oxygen solution) {Hypo solution) 
1 
Ni X 200 = —xA 
1 40 x 
: r; 1 1 
or N; (Normalit =—x—XA 
r Ni (Normality of the sample w.r.t. D.O.) 500 x 40 
= Strength =x Ly ag g/l 
200' 40 


=A mg/l = A ppm 


Exercises 


59 What is the effect of the presence of oxidising impurities like NO3 and 


Fe™ (if not removed) on the D.O. results? 


60. How do reducing impurities such as Fe’, SO}, S, etc., affect ni 
D.O. determination? 

61. What do you understand by the phrase fixation of dissolved oxygen? 

A Why is the Na2S.O; solution of N/40 strength selected for titration? 


: e 
State Henry's law for the solubility of a gas in a liquid. Outline tË 
conditions under which the law is applicable 


3.4.2 Biochemical Oxygen Demand (BOD) food 

Micro-organisms can utilize carbohydrates, proteins and oils & fats as a 
and oxidize them to obtain energy for their life processes. Some bacteri? as 
also utilize reduced inorganic materials like Fe”, S7 and ARS 
sources of energy. In the biological degradation (of sewage and omer SE or 
material) which is brought about by a diverse group of living organism sive 
bacteria, organic matter is first converted to fatty acids which, by scott of 
oxidation at B-carbon atom, are ‘broken down’ into fragments So ae 
acetic acid. When sufficient oxygen is present, that is in aerobic ve iE 
oxygen is the ultimate electron acceptor which is reduced while 
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matter is being oxidised to CO, and HO : 


CH:COO +20, 2% CO, + HCO; + HO (3.55) 


Inorganic materials like S~ and reduced nitrogen (NHs or NH’), if present, 
are oxidised to sulphate and nitrate: 


S +20, is soy (3.56) 


NH; +20; Milica 


NO; + H + HO (3.57) 
When the availability of oxygen is insufficient (anoxic conditions), organic 
matter is oxidised by using nitrate as electron acceptor : 


5CHCOO'+8NO;+8H ES 5 00,4 5HCO;+ 


4N2+9HO (3.58) 


[Nitrate may also be reduced to the amine stage 
CH3;COO + NO; aes CO: + HCO; + NH; (3.59) 
giving odour resembling that of Gecaying rotten fish.] 
Under strictly anaerobic conditions, i.e., in the absence of oxygen, SO?, 
PO; and CO», whatever available, can act as electron acceptors and are 
reduced to H2S, HS’ (mercaptans—rotten-egg smell), phosphine (poisonous 
and wormy odour), methane (suffocating), etc.: 


2CH:COO +2 S07 + 3H’ — 2CO,+2HCO;+ HS + HS +210 


y 2 (3.60) 
_ CH;COO’ + PO: + 3H’ —> CO, + HCO} + PH; + MO (3.61) 
CH;COO + HO — CH, + HCO; (3.62) 


Sewage and other oxygen-demanding wastes are termed as water pollutants 
because : 
(a) their decay leads to depletion of dissolved oxygen, which affects (and 
even kills) fish and other aquatic life, 
(b) they produce annoying odours, 
(c) they impair domestic and livestock water supplies by affecting taste, 
odours and colours, and 
(d) they promote conditions favourable for the growth of infectious pent 
(pathogenic bacteria). 
To avoid development of nuisance or septic conditions, sufficient oxygen 
must be present or supplied externally to maintain aerobic conditions 


throughout. 
The amount of oxygen required by a mixed population of micro-organism 
in oxidising organic matter present in a sample, under strictly aerobic 
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conditions, is generally known as B.O.D,, and is directly a to the extent 
lution (by:sewage or other oxygen-demanding wastes). 3 

peor rate = pastel oxidation at any instant is proportional to i 
amount of the oxygen-demanding wastes left at that instant, i., the tae sae 
follows First Order Kinetics and theoretically should be completed in in 
time. It has however been found that nearly 70 to 80% of the total BO. T 
exerted in the first five days. The sample is therefore incubated for 5 days A 
20°C (roughly a mean value of temperatures of natural bodies of water) a s 
the BOD values are reported as BODs. A polluted sample may conie 
more oxygen in 5 days tha present in water (nearly 9 mg/ l at 20 C) a 
so, before analysis, is diluted with a specially prepared ‘Dilution water’. ne 
diluted sample is taken in two bottles. The dissolved oxygen (D.O.) in o 


bottle is determined immediately and in the other after 5 days of incubation. 
The BOD of the sample is then given by 


BOD = 2 — 


D: X B mg/1 (3.63) 
= D.Q. of the sample in mg/1 at the start of the experiment 


D: =D.O. of the sample in mg/1 after 5 days 
A =ml of the sample before diliution 


B = ml of the Sample after dilution, 


where D; 


Exercises 


64. 10 ml of a Polluted water sample was diluted to 600 ml and ite 
volumes were poured into two B.O.D. bottles. D.O. in one tome pa 
determined immediately (Blank) by Winkler’s method and 204. F 
solution required 3.9 m] of N/40 Na:S:0;. The second sample Me 
incubated for 5 days and in the D.O. determination, 204.4 


he 
Solution. required 2.1 mi of N/40 Na:S20;. Calculate B.O.D. of t 
Polluted water, 


65. Outline the significance of B.O.D, measurement. 
66. Why has the 5 


; ter- 
-day incubation period been selected for BOD de 
mination ? 


, D 
67 What should be the Composition of a good ‘Dilution Water’ for BO 
determination 2 ; 


te 
3.4.3 Determination of Chemical Oxygen Demand (C.O.D.) of a Was 
Water Sample 


zi j Hain 
The COD is usually defined as the amount of oxygen used while One 
the organic matter content of a Sample with a strong chemical oxidan 


en 
acidic conditions. The organic matter in the sample is related to the OxY8' 
tequired (COD) in accordance with equation: 


; 64) 
CHO: + (x +4—~2) 0, — xco, + ONEC 
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Since in the COD determination, the organic matter (both biologically 
oxidizable like glucose and biologically inert like cellulose) is completely 
oxidised to CO2 and H2O, the COD values are greater than BOD values 
(which represent the amount of oxygen that bacteria need for stabilising 
biologically oxidizable matter). t 


Significance 

For samples from a specific source, COD can be related to. BOD. The 
COD test is therefore widely used for measuring the pollutional strength of 
domestic and industrial wastes. Used in conjunction with the BOD test, it 
indicates the magnitude of the biologicaliy resistant organic matter. The 
major advantage of the COD test is that the determination is completed in 3 . 
hours, compared to the 5 days required for the BOD determination, and 
therefore steps can be taken to correct errors on the day they occur. 


Reagents Required 

1. Standard potassium dichromate solution (N/4) 

2. Standard ferrous ammonium sulphate solution (FAS N/4) 
3. Silver sulphate-sulphuric acid reagent 

4. Ferroin indicator solution 

5. Mercuric sulphate (HgSO,). 


Theory 

A suitable aliquot of the sample is boiled’ with a known excess of 
K-Cr20; in presence of conc. H.SO;. The organic matter is oxidised to CO; 
and H20 : 


a 4 
CHO: rR) Cno +4 laty or pre Sa 


XCO + [ yy Cr +f Het fy H0 (3.65) 


The excess of dichromate left unused is titrated with FAS standard solution 
using ferroin as indicator: 


6 Fe” + CrO + 14H’ — 6 Fe” + 2Cr” +7H0O (3.66) 
The amount of K.Cr.O; consumed corresponds to COD. 


Procedure 

To 50 ml of the sample taken in a 500-ml reflux flask, add 1 g HgSO, 
and some broken porcelain pieces or glass beads. Immerse the flask in cold 
water and slowly add 75 ml of Ag:50, — HSO; reagent while continuously 
shaking the flask. Add 25 ml of N/4 K,Cr2O; solution. Mix the contents of 
the flask thoroughly. Fix the water condenser and reflux for 2 hours. Wash 
the condenser with distilled water into the flask. Cool and dilute to about 
300 ml. Add 2 to 3 drops of Ferroin indicator and titrate against N/4 FAS 
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until the first sharp colour-change from blue green to reddish brown. Record 
the volume of FAS used as A ml. 


Blank Titration 


Take a volume of distilled water, equal to that of the sample, in another 
reflux flask. Add the same amounts of reagents, reflux for 2 hours and oar 
in the same way as in the sample titration. Record the volume of FAS us 


as B ml. COD of the sample corresponds to (B—A) ml of standard: (N/4) 
FAS. 


Precautions 


The addition of AgsSO; — HSO; reagent to the sample is an exothermic 
process and may lead to loss of material. To avoid this, it is important to 
mix the reflux mixture slowly with shaking and the flask should be cooled 
during mixing. It is better to fix the reflux condenser in the flask and then 


add the major portion of the AgoSO; — HSO; reagent through the open 
end of the condenser. 


Observations and Calculations 
Volume of sample taken 


= 50 ml 
Volume of N/4.FAS used in the sample (test) titration = A ml 
Volume of N/4 FAS used in blank titration =Bnl 
Therefore, Volume of N/4 FAS equivalent to K>Cr.O; 

used in satisfying COD = (B — A) ml 
NV, = N2V2 
(sample) (FAS) 
Ni X 50 =4x(B—A) 
or N; = (B= A) 
4 X 50 
Therefor, COD . = ex 8ga 
=B A)X8X 1000 g/l 
4 X 50 
= (B — A) X 40 mg/l 
Exercises 
68. 


What are the major sources of error in the above method ? 


69% How are the above-mentioned errors minimised ? 
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3.5 Residual Chlorine and Chlorine Demand 


Water is the chief vehicle of transmission for some diseases like dysentry, 
cholera, typhoid, etc. (called water-borne diseases), ‘caused by pathogenic 
bacteria. Growth of other living organisms. such as algae and fungi in water 
may be extremely harmful when such water is used for certain industrial 
purposes. Chlorination is an important disinfection process which serves to 
destroy or deactivate the disease producing and other harmful organisms. 

Chlorination may produce adverse effects also. Phenols, if present in 
water, are converted into mono-, di-, or trichloro-phenols which impart 
unacceptable taste and odour to water. Some forms of aquatic life are 
adversely affected by chlorination of waters containing ammonia or amines. 
Humic substances which are present in most water supplies are converted 
into several chlorinated products, the most harmful of which is the carcino- 
genic chloroform (CHCI3). In spite of these adverse effects, chlorination has 
not been abandoned bacause of the immense benefits arising from it which 
far outweigh the risks involved. 

Chlorine is applied to water in its elemental form (Cl: gas gr a concen- 
trated solution of Cl in water) or as hypochlorite (NaOCl or bleaching 
powder). Chlorine reacts with water to produce hypochlorous acid which 
further dissociates to give H’ and OCI. 


Ch + HO == HOCI +H’ + Cl (3.67) 

HOCI—— H’ + OCI (3.68) 

The relative amounts:of Cl, HOCI and Cl depend on the temperature and 

pH. At the pH of the most natural waters, HOCI and CI predominate. 
Ammonia, formed by dissociation of NH4 ion impurity 


NH; ——=NH; + H' [K = 10] (3.69) 


dissociation 
present in water, is slowly attacked by Cl> or HOCI to form small amounts 
of mono-, di— and trichloramines : 


NH; + HOCI —> NHC! + H:O (3.70) 
Monochloramine 
NH:CI + HOCI —> NHCh + H:O (3.71) 
‘ Dichloramine 
NHC + HOC] — NCI; + B20 (3.72) 


Trichloramine 


the mono- and dichioramines being important disinfectants. With higher 
concentrations of Cl (1.5 mole Ch per mole of NH3), N2 or NO; are 
formed, depending upon pH, temperature and reaction time: 


2NH: + 3Ch —> No + 6H +6 Cr (3.73) 
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NH; + 4Cl + 3H>O0 — NO; + 9H’ + 8Cl (3.74) 


Chlorination beyond this Stage (called Break-point chlorination) ae oe 
amounts of Cl, HOCI and OCI which are referred to as free ree 
residuals. While the free chiorine residuals are quickly dissipated in = 
distribution system, the chloramines (referred to as combined chlorine in 
duals) are stable. This affords longer contact time, thus lowering the col 
centration of the disinfectant Tequired for equivalent destruction of ete 
Chloramines act as chlorine reserves killing bacteria left during the pe 
treatment and guard against any inadvertent bacterial contamination eee 
later stage. Their presence is therefore particularly desired when water i i 
be transported over long distances. When a chlorinated water AG a 
combined chlorine residuals. a small amount of NH; or ammonium salt 1s 
added after chlorination. h eeni, 
An overdose of chlorine not only increases the cost of disinfection a 
imparts an unpleasant taste to drinking water and is also injurious to heal 7 
For efficient. disinfection of domestic water supplies, swimming pools an 


R rine 
treatment of waste waters, measurement of both free and combined chlo 
residuals is essential. 


3.5.1 Determination of Total Chlorine Residuals (Iodometric Method) 
Reagents Required 

1l. Standard sodium th 
2. Glacial acetic acid 
3. Potassium iodide 
4. Freshly prepared starch solution. 


iosulphate solution (N7100) 


Theory 


When KI is added to water at pH 3 


-4. both free and combined chlorine 
residuals react to oxidise iodide to free io 


dine: 
Ch + 27 — b 2¢¢ ye) 
OC 21 42H > por 4 H:O (3.76) 
HOCI+ 26 +H —> 14 cr +4H0 Gi) 
NECI + 27 + WY —y b + Cr + NH, (3.78) 
NHC 4" OH o> 31 + Ser 4 NH; (a7?) 


The liberated iodine is ti 


z 3 in 
trated with a standard solution of Na:S:O:, using 
starch solution as indicato, 


T near the end-point: 
a ie 2- (3.80) 
k+ 2 $0; — 21 + 8:05 


Procedure 
Pipet out 100 ml of the Water 


ees k 
sample into an iodine titration flas 
containing 1 g of KI and 2 ml of gl 


nd 
facial acetic acid. Stopper the flask a 
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. shake well to mix the solution. Rinse the stopper and the sides of the flask 
with distilled water (using a wash bottle) into the flask. Add x Na2S20; 


solution from a burette slowly with constant shaking until the colour of the 
solution becomes very light yellow or straw yellow. Add 1 ml of freshly 
prepared starch solution and titrate further until the blue colour disappears. 
Record the volume of Na2S2O; solution used as A ml. Take concordant 
readings. 


Precautions 

1. The titration should be completed rapidly in order to avoid atmospheric 
oxidation of iodide. 

2. First disappearance of blue colour should be taken as the end-point. 


Observations and Calculations 


Volume of water sii taken for each titration = 100 ml 
Concordant volume of ——~ A Na>S>Oy used =Anml 
N: Vı = N2V2 
(sample) (Na:S20;) 
1 
Ni X 10 = — 
1 0 100 XA 
Therefore, N, (Normality of sample w.r.t. 1 l 
total chlorine residuals) ad au xAX 700 
l chlori idual = — TSS 
Total chlorine residuals a xAX ng xX 35.5 g/1 
al 1 4 
= F00 X £ X jog % 355% 10° me/1 
= 3.55 X A ppm 


Exercises 
70. Why and how is pH adjusted between 3 and 4? 
71. What are the common impurities that interfere in the detn.? 


3.5.2 Determination of Free Chlorine Residuals and Combined Chlorine 
Residuals (Chloramine and Dichloramine) in a Treated water (DPD-Ferrous 
Titrimetric Method) 


Reagents Required 

l. Standard ferrous ammonium sulphate solution (N/100 FAS) 
2. Phosphate buffer (pH 6.2-6.5) 

3. Potassium iodide 

4. DPD indicator solution. 


e 
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Theory 

(a) In the pH range 6.2 —6.5, free chlorine residuals oxidise N, N- 
diethyl-p-diphenylenediamine (DPD) quantitatively to produce a red colour 
which can be titrated to a sharp colourless end-point by standard ferrous 
ammonium sulphate (FAS) solution. 

(b) Ifa small crystal of KI is added at this stage, monochloramine oxidises 
DPD to produce equivalent red colour which is immediately titrated with 
FAS. 

(c) Addition of more KI (about | g) produces more red colour due to the 


slow oxidation of DPD by dichloramine which is titrated with FAS after 
waiting for about 2 minutes. 


Procedure z 

Add 100 ml of the sample to a titration flask containing 5 ml of 
phosphate buffer solution (pH 6.2 — 6.5) and 5 ml of DPD indicator 
solution. Mix and titrate rapidly with standard FAS -until the red colour 
disappears. The volume of FAS (A ml) used corresponds to the amount of 
free chlorine residuals in the sample. 

Add_1 crystal of KI to the above solution. Mix and rapidly titrate against 
FAS until the red colour is again discharged. The volume of FAS (B ml) 
consumed is equivalent to monochloramine present in the sample. 

Add 1 g of KI to the above solution and mix well. Allow to stand for 2-3 


minutes and titrate against FAS. The volume consumed (C ml) corresponds 
to the amount of dichloramine in the sample. 


Precautions 


1. After the addition of 1 crystal of KI, the solution should be immediately 
titrated with no loss of time as otherwise dichloramine may also react. 


Observations and Calculations 
(a) Free chlorine residuals : 
Volume of oe taken = 100 ml 


Volume of — x FAS used = Aml 


NV, = N-V: 
(sample) (FAS) 
1 
N; X 100 = — 
1 100 XA 
N = il xAX 1 l 
or 1 100 100 


Amount of free chlorine residuals 


1 
= T00 <4 X Too % 39:5 8/1 
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: LASS J 
= 100 x100 100 * 10° mg/1 
= 3.55 X A ppm 
(b) Combined chlorine residuals present as monochloramine 
= 3.55 X B ppm 


(c) Combined chlorine residuals present as dichloramine 
= 3.55 X C ppm 


Exercises 

72. Why is the pH control so important in this determination? 

73. EDTA is added in the preparation of DPD indicator solution. What is 
its purpose? 


3.5.3 Chlorine Demand ` 

Chlorine reacts with a wide variety of inorganic and organic materials 
present in water. The demand. of these impurities for chlorine has to be 
satisfied before chlorine becomes available for disinfection. The difference 
between the amount of chlorine applied to a water sample and residual 
chlorine is reported as Chlorine Demand. It depends on the nature of 
impurities present in the sample, the amount of chlorine applied, the amount 
of residual chlorine desired, contact time, pH and temperature. Chlorine 
demand can be determined by treating a series of aliquots of the water 


“sample with known but varying dosages of chlorine or hypochlorite (such as 


bleaching powder) and determining the residual chlorine at the end of the 
contact period. This will give the dosage required for any desired residual at 
the temperature of the experiment. 


3.5.4 Determination of the amount of Bleaching Powder required to disinfect 
a water sample by Horrock’s Test 


Reagents Required 

1. Bleaching powder 

2. Potassium iodide 

3. Glacial acetic acid 

4, Freshly prepared starch solution. 


Theory 

Increasing amounts of a solution of known concentration of bleaching 
powder are added to the same known volumes of the sample taken in a 
number of containers. After allowing sufficient time for disinfection to take 
place, a few crystals of KI and glacial acetic acid are added to each of the 
containers. This leads to liberation of iodine, in the containérs in which 
disinfection is complete and there is residual chlorine, which is detected by 
the production of blue colour on addition of starch solution. j 


4 
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Ocl + 2H +21 >e HOCI (3.81) 


I, + Starch solution — Blue colour 
The method is approximate as no standard solutions are used and the 
residual chlorine is not measured quantitatively. However. the method is very 
quick and when conducted with care, it can lead to efficient disinfection. The 
procedure has been so designed that even a layman can conduct it easily. 
and make water safe for drinking. ) 


Procedure 

Take seven glass containers or bottles marked at 100-ml level. Transfer 
one level spoonful (about 1 g) of bleaching powder to one of the containers, 
add a little distilled water and stir with a glass rod until it is converted into a 
paste. Add more distilled water to fill the container up to the mark and stir 
vigorously. Leave the solution’ to let the Suspension settle down. Fill the 
remaining containers with water sample up to the mark. Number them as 1. 
2, 3, 4, 5 & 6, with a glass marking pencil, and arrange in a row. Using a 
medicine dropper (delivering 20 drops per ml), transfer 1, 2. 3, 4,5 & 6 
drops of the prepared solution of bleaching powder to the containers 
numbered 1, 2, 3, etc., respectively. Stir thoroughly the contents of each 
container. Allow to stand for half an hour (contact period). Add to each 
container a few crystals of KI and 1 ml of glacial acetic acid followed by 1 
ml of freshly prepared starch solution. Stir the contents gently with the rod 
and look for the development of blue colour. Note the container showing 
blue colour with minimum number of drops of the bleaching powder 
solution. If none of the containers shows a blue colour, throw the contents. 
Wash the containers thoroughly with distilled water and perform the test 
with 7, 8, 9, 10, 11, & 12 drops of the bleaching powder solution. Record 
the contact period and temperature. 


Precautions 


(1) While preparing the paste, care should be taken to break with a glass 
od (preferably with a flattened tip) any lumps of the bleaching powder 
eft. 

(2) The tip of the dropper should be clean and the drops should be added 
slowly so that they are fully formed. 

(3) Contact period for all the samples should be constant (the same), i.e.. 
bleaching powder solution or KI and acetic acid should be added. as 
far as possible, simultaneously to all the samples. 

Note: The test can be made more accurate by taking a known weight of the 
bleaching powder for preparing the solution. 


Observations and Calculations 


Volume of water sample taken in each container = 100 ml 
Concentration of bleaching powder solution used = 1 level spoonful 
(~ 1g)/100 mi 


minutes 


Contact period = 
Temperature of the experiment = t °C 


Water 7} 


Table 
Sr. No. of the No. of drops of Appearance of Minimum No. of 
container B.P. solution biue colour drops producing 
added blue colour 

íl i No 
2. 2 No 
3 8 — 
4 4 — (n. say) 
5 5 Yes 
6 6 


1 level spoonful of B.P.= 100 ml of B.P. solution 
= 100 X 20 drops 


Volume of sample disinfected by n drops 


2 
B.P. required for 2 
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» i drop 


» 100 X 20 drops 


litres of the sample 


100 X 200C 
ae N] 


200 ii 
n litres 


I level spoonful (~ 1 g) 


—— xX10' » 


= 5n level spoonful 


74, What is meant by Chlorine Demand of a water sample ? 
75. Name a few chlorine-reactable materials that may be present in water as 


impurities. 


76. Describe the nature of the reactions which these substances undergo with 


chlorine. 


77. Specify the optimum chlorine dosage, contact time and pH range for 
effective disinfection. 
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78. What is meant by stabilising the chlorine? 
79. What is Break-point Chlorination? What is its significance? 
80. What do you understand by Prechlorination and Post-chlorination? 


3.6 Turbidity and Coagulation 

The term turbidity is applied to finely divided particles suspended in water, due 
to which light passing into the sample is absorbed and scattered. Visual depth in 
such water is restricted. The turbidity of a water sample is related inversely to its 
‘clarity.’ It is simply an optical property of the particles suspended in water and 
not a direct assessment of their amount present, since it is related to the size 
distribution of the particles. Turbidity in water may be of organic or inorganic 
origin. It is caused by suspended particles of clay, loam, sand, silt, decomposing 
food material, contamination with municipal or industrial waste water, organic 
coloured compounds. algae and other micro-organisms. 


Significance 

Consumers of municipal water supplies are always reluctant to accept even 
very slightly turbid waters as they often consider it to be polluted by domestic 
waste water—the cause of many water-borne diseases. Permissible turbidity for 
drinking water is between’5-10 units and preferably it should be less than 5. 
Turbidity makes filtration very difficult. To get good: quality water, filters of 
special design have to be used, thereby increasing the cost. A high turbidity value 
of the filtered water points to faulty filter operation. When turbidity is due to 
contamination with sewage, disinfection is less effective because some of the 
pathogenic bacteria are enclosed in the sewage particles and escape the killing 
action of the disinfectant. 

Measurement of turbidity is useful in deciding whether water froma particular 
source can be used without chemical coagulation. Turbidity measurement, before 
and after coagulation by different chemicals, is used to select the most effective 
and economical substance and to determine its optimum dose. . 

In the removal of suspended solids from domestic and industrial wastes of 
frequently changing composition, turbidity measurement, being much quicker 
than suspended solids determination, is especially useful to adjust the optimum 
dosages of chemicals required. 


Turbidity Standards 

Since turbidity is caused by a wide variety of materials, the following arbitrary 
standard has been chosen to compare turbidity of different waters: 1 unit 
turbidity is the turbidity produced by 1 part of fuller’s earth in a million parts of 
distilled water (1 unit = Img SiO2/1, and the size of particles of SiO, used 
must lie within certain specific limits—the particles should pass through a 
200-mesh sieve). 

Standard suspensions of pure SiO» were used originally to calibrate Jackson 
Candle Turbidimeter, which is now used for routine work and no standards are 
required. In this method, interference caused to the passage of light is measured 
visually and the tesults are reported as Jackson Turbidity Units (JTU). 

The instrumental method which, instead, is based on the measurement of the 
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intensity of light scattered by turbidity using Nephelometry, gives different 
results which are reported in Nephelometric Turbidity Units (NTU). 


3.6.1 - Determination of Turbidity between 25-1000 JTU by Jackson Turbidimeter 


Procedure 

Shake the sample well and transfer 10-15 ml of it into a cool Jackson tube 
(made from colourless glass, with a flat, polished, optical glass bottom and 
calibrated for direct turbidity readings) and fix it in position in turbidimeter. Light 
the candle or bulb at the base. Pour slowly, through a funnel, additional portions 
of the sample into the Jackson tube and after each addtion, view the lighted 
candle (or bulb) from above. Continue addition of the sample until the contour 
(outline) of the flame or bulb is no longer visible. Extinguish the flame (or switch 
off the bulb). Take out the Jackson tube and record turbidity in JTU units. Take 
out a small amount of the sample; place the tube in position, light the candle (or 
bulb) and adding very small portions of the removed sample at a time, approach 
the end-point very. carefully. Take a number of readings and report the mean 
value. à 


Precautions 

(1) ` The Jackson tube should be kept clean, both inside and outside. 

(2) Scratching of the tube should be avoided. 

(3) The charred portion of the wick (if candle is used) should be trimmed and 
the distance of the flame from the bottom of the tube should be kept 
constant. 


3.6.2 Determination of Turbidity between 5-100 JTU with Bottle Standards 


Procedure 

Take a number of glass bottles of same size, shape and colour characteristics. 
Place the sample in one bottle and a number of standard suspensions of varying 
turbidities (made by suitably diluting, with distilled water, a natural turbid water 
standardised with Jackson Turbidimeter) in other bottles. Look through the sides 
of the bottles (sample and standards) at the same object (ruled paper or printed 
matter) and compare the distinctness with which the object can be seen. The 
turbidity of the sample is equal to the turbidity of the standard that most closely. 
produces the same interference to visual perception as the sample. 


Precautions 

(1) As the number and size of particles changes with time, the standard 
suspensions must be frequently replaced. 

(2) The standards should be well shaken before use. 

(3) All the bottles (containing the sample and the standards) should be 
illuminated, well and equally, with a source of light so placed that no rays 
reach the eye directly. 
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Exercises 

81. Distinguish between Jackson Turbidimetry and Nephelometric Turbidity. 

82. What is meant by Coefficient of Fineness ? What is its significance ? 

83. What is the Platinum Wire Method of Turbidity measurement? Whatis its 
‘specific’ use ? : 

84. Name the chemical added to the turbidity standards to prevent the growth 
of bacteria or algae. 


3.6.3 Coagulation à 

Finely divided particles of colloidal dimensions, suspended in water, settle at a 
very slow rate and readily pass through the pores of the filter. To make 
sedimentation and filtration practicable, the size of thè particles has to be 
increased. This is achieved by coagulation followed by flocculation. 


Coagulation is the process of adding chemicals to destabilise particles in a 
colloidal dispersion while Flocculation is their subsequent enmeshment, by 
gentle and prolongéd mixing, to form discrete, visible, suspended particles 
that settle under gravity alone and are easily filterable. 

When aluminium and iron salts are added to water, multipositive hydroxo 
and polynuclear species of compounds are formed. [Model example of dinu- 
clear species : 


[Al (H20).]** + HO == [Al (H,0);OH]** + (OY 


[Al (H20);OH}** E208 [Al (,.0),(OH)2]° + (H30)" 
H 


- AO AONI Ti 
2[A1 (H20): (OH):] [(H20),Al Al (H20),]** + 
2 2 2 we (H20).] yea 


X H 
The overall reaction being, H 


YAI O) = [(H0) TSN (H20).]"* + 200) 
oO (3.82) 
the solution becomes acidic]. 


[Ak (OH)o]” has been suggested to be the most effective species in coagulation. 

The coagulant species are then readily absorbed on the surface of the 
suspended particles (particularly true for hydrophobic clay particles)—electri- 
cal attraction enhancing deposition. This causes decrease in the electrical 
charges and so the particles are destabilised and are in a position to 
agglomerate. Mixing or turbulence promotes collisions which result in lasting 
union. The progressively increasing mass of flocculent material produced by 


the hydrolysis of the coagulant may enmesh the turbidity particles and act- 


like a ‘sweep’ as it settles, 
In case of hydrophilic colloids (organic material—as in sewage) containing 
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polar groups like hydroxyl, carboxyl or phosphate, destabilisation is largely due 
to chemical combination with the hydrolysis products of the coagulant. 


3.6.4 To determine the minimum dose of a Coagulant required to coagulate a 
given sample by Jar Test and to compare the effectiveness of aluminium sulphate 
and ferric sulphate as coagulants for a given sample at room temperature 


Significance 

A certain minimum dose of the coagulant must be added for effective 
coagulation. Additional doses are required for increased turbidity but the relation 
is not linear. While a smaller dose is required for very high turbidities with 
variable particle size, very low turbidities are difficult to remove. In addition, the 
process is influenced by a number of inter-related factors such as pH, colour, 
mineral content and composition, temperature, the duration and degree of 
agitation and the nature of the coagulant used. Therefore, the optimum dose and 
conditions cannot be predicted on the basis of the results of physical and chemical 
analysis of water and must be determined experimentally. Coagulation is widely 
used in lime-soda softening and in removal of colloidal silica fromwaters meant 
for domestic consumption or for many industrial uses. 

Measurement of turbidity before and after the coagulation process and the 
amount of coagulant left (not removed) are used to control and evaluate the 
efficiency of coagulation. FeCl, Ab(SO;); and Fe2(SO;)3 produce acid on 
hydrolysis (reaction 3.82). Thus, if the sample is acidic, either alkali should be 
added in the form of carbonate or lime, or NaAlO> which produces alkali on 
hydrolysis (Na AlO; + 2 H>O=Al (OH); + NaOH) should be used as coagulant. 

The visible result of coagulation is the formation of a deposit in the form of 
porous gelatinous flakes that settle at the bottom of the vessel. If this is not 
observed, no coagulation has taken place. 


Reagents Required 
1, Aluminium sulphate solution (1.5%) 
2. Ferric sulphate solution (0.5%). 


Procedure 

1, Take 8 beakers of 500-ml capacity each. : 

2. Transfer, with a measuring cylinder, 250 ml of the given water sample into 
each beaker. 

3. Divide the beakers into two sets and mark them, with a glass marking 
pencil, as I), b, Is, L and Mh, Uh, Il; and I. à 

4. Attach the first set of sample beakers to the stirring device (a laboratory 
flocculator). 

5. Add alum solution (15 g Al, (SO,); 18H2O/litre) with a graduated 
micro-pipet in amounts of 0.25 mi, 0.5 mi, 0.75 ml and 1.0 ml into the 
beakers Iı, b, Í and L respectively. y 

6. Stir the samples rapidly for about half a minute followed by 15-minute 
gentle stirring at a rate of about 40 rpm. 
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7. Remove the beakers from the stirring device and let stand for settling the 
flocs. 
8. Observe the flocs after every 10 minutes and record the characteristics (as 
slight, flocculent, considerable or heavy) in a tabular form. 
9. If no coagulation takes place within an hour, repeat the experiment 
with dosages of 1.25 ml, 1.50 ml, 1.75 ml and 2.0 ml of alum solution. 
10. Repeat the whole process taking 0.25 ml, 0.5 ml, 0.75 ml and 1.0 ml 
of ferric sulphate solution (5 g Fe2(SO;)3/litre), instead of alum solu- 


tion, into the second set of four beakers and record the observations in 
the table. 


11. Select the minimum dosage of the better coagulant. 


Observations and Calculations 


Volume of sample taken = 250 mi 
Concentration of alum solution med = 15 g/l 
Concentration of Fe2(SO;)3 solution used = 5 g/l 
Sl. No. of Coagulant used Coagulant Characteristic Selected) 
beaker dose (ml) of floc minimum dose 
L 0.25 ml 
k Aluminium sulphate 0.50 ml ‘ A ml 
b 0.75 ml 
L 1.00 ml 
I at 
Is = 
I 0.25 ml 
Ik Ferric sulphate 0.50 ml B ml 
Th 0.75 ml 
IL 1.00 ml 


I 


Quantity of aluminium sulphate required A ml/250 ml 


= A D 2/250 ml 


= 15 X A mg/250 mi 
= 60 A mg/1 
Quantity of Fe:(SO4); required = B ml/250 mi 
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i k = 5 X B mg/250 ml 
= 20 B mg/1 


Precautions 
As far as possible, the time and rate of stirring should be maintained 
constant for all the samples. 


Exercises 

85. Specify the advantages of using a coagulant. 
86. What is a flocculant aid? Give one example. 
87. What do you understand by ‘Liquid Alum’? 


3.7 Solids 


The impurities present in a water sample, whether suspended or dissolved, 
that have a negligible vapour pressure at 105°C may be termed as ‘Solids’. 
Solids may adversely affect the quality of water in a number of ways. While 
waters containing suspended solids are not at all acceptable for drinking 
purposes, it is desirable that dissolved solids may not be more than 500 
mg/l. Higher concentrations may cause laxative or sometimes the reverse 
effect (constipation) upon travelling people whose bodies are not adjusted to 
such waters, but there appears to be no ill-effect on residents regularly using 
such waters. 

Suspended solids are also objected to for bathing or recreational (swimm- 
ing) purposes. Higher levels of suspended solids in lakes or streams inhibit 
the penetration of sunlight and promote conditions favourable for growth of 
pathogenic (disease causing) bacteria. 
` Both suspended and dissolved impurities cause priming and wet steaming 
and deposite sludge and scale in the boiler. 


3.7.1. Classification 


(A) Total solids’, reported in mg/1, is the amount of the residue left in the 
vessel after evaporation of a sample and its subsequent drying in an 
‘oven at a specified temperature. Total solids determination is the easiest 
test conducted on industrial wastes to have an idea of the extent of 
dissolved inorganic salts. 


(B) ‘Total Suspended Solids’ represent, in mg/1, the portion of the ‘total 
solids’ retained by a filter, and 


(C) ‘Total Dissolved Solids’, is the portion that passes through the filter. 

The magnitude of the suspended solids and dissolved solids thus depends 
on factors like the type of the filter and its Pore-size, the physical nature and 
the particle size of the suspended impurities, etc. 

In drinking water, most of the matter is in the dissolved form. The 
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amount of suspended solids increases with the extent of pollution and is: 
maximum in sludges, where the dissolved fraction becomes less important. 


(D) Fixed Solids and Volatile Solids’ 

‘Fixed Solids’ is the term applied to the residue of total, suspended or 
dissolved solids after ignition for a specified time at a specified temperature. 
The weight loss on ignition is called ‘Volatile Solids’. If the ignition is 
conducted at a temperature at which 


(i) the organic matter is completely converted into CO; and H-O, and 


(ii) there is minimum loss of inorganic substances due to decomposition 
and volatilization, 


then the loss in weight is approximately equal to the organic content of the 
solid fraction of waste-water, activated sludge or industrial wastes. 

The ignition is therefore usually conducted at 550+50°C and the only 
sources of error are z 
(a) decomposition of thermally unstable MgCO; : 

o 
MgCO; T390 MgO + CO, (3.83) 

and (b) volatilisation of ammonium salts not removed during drying. 
However, in the test on suspended solids, the inorganic dissolved salts are | 
removed during filtration and so no error is caused. The volatile matter 
content of suspended solids is usually more than three-fourths whereas 
that of dissolved solids is very very small. 

The results of the test are used to control aeration in the activated sludge 
process and form the basis for the design and operation of sludge digestion, 
vacuum-filter and incineration units in Sewage Treatment and Disposal. 


(E) ‘Settleable Solids’ is the material settling out of suspension. It depends 
on the method used and the time allowed for settling. It represents the 
suspended solids that are coarse and have specific gravity higher than that of 
water. The term is usually applied to sewage and indicates the amount of 
sludge that may be obtained in the sedimentation tank. The test is widely 
used in deciding the necessity of a sedimentation unit in the Sewage Disposal 
System. The measurement is also useful in predicting the physical behaviour 
of industrial and municipal wastes being drained into natural bodies of 
water. 


3.7.2. Determination of ‘Total Solids’ (dried at 103-105°C) in a water 
sample 


Procedure 

Transfer a suitable aliquot (corresponding to about 0.1 g of dissolved ` 
matter) of the well-mixed sample to a dried (at 103—105°C for 1 hour; dry 
at 550+50°C if volatile solids are to be measured) and preweighed nickel 
(or platinum) crucible and evaporate to dryness on a water bath. Dry in-an 
electric oven at 103 to 105°C for 1 hour, cool in a desiccator and weigh. 
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Repeat the process of drying, cooling and weighing until the weight loss is 
less than 4% of the previous weight. 


Observations and Calculations 
Let the volume of sample taken =Vnl 
Weight of empty crucible : 
(dried at 103 — 105°C) =wig 
Weight of crucible + residue 
(dried at 103 — 105°C) = wg 
Therefore, Weight of solids in V ml 
of the sample = (w — wi) g 


and ‘Total Solids’ = = X 10 g/1 


= a X 10° X 10° mg/1 


= WoW X i ppm 


Precautions 

(1) To keep the crucible clean, (i) it should be supported on a glass or 
porcelain ring with a flange on the water bath during evaporation. 
(ii) The outer surface of the crucible should be wiped before placing it 
in the oven for drying. 

(2) If the determination is to be completed in a short span of time, the ~ 
volume of the sample should be reduced by gentle boiling on a hot 
plate before transferring the crucible to water bath. However, care 
should be taken to avoid spattering. 


3.7.3. Determination of ‘Total Suspended Solids’ dried at 103-105° C 
Procedure ‘ 

Mix the sample well. Filter under suction a known volume through a 
glass-fiber filter disc previously washed and dried at 103-105°C to constant 
weight (550+50°C for volatile content of suspended solids). Wash with 
distilled water. Continue suction to completely drain the water. Remove the 
filter disc, place it on a flat aluminium sheet for support and dry in an oven 
at 103-105°C for 1 hour. Cool in a desiccator and weigh. Repeat the drying 
process to get constant weight. 


Observations and Calculations 


Let the volume of the sample filtered = V ml 
Weight of the dried (103—105°C) 
glass filter disc =wis 


Weight of filter disc + suspended 
solids, dried at 103— 105°C = wg 


80 APPLIED CHEMISTRY 


Therefore, weight of suspended 


solids in V ml of the sample = (w — wi) g 
and ‘Total Suspended Solids’ l= = X 10 g/1 
= X 10 X 10 mg/1 
ERWA SAWN] 6 
E age X 10° ppm 


3.7.4 Determination of ‘Total Dissolved Solids’ dried at 180°C 

Drying at 180°C removes most of water of crystallization 
[eg, MgS0;. 7m0 OICC MgSO.. H:O + 60 (3.84)] 
and some CO; due to conversion of bicarbonates into carbonates and their 
parital oxidation to oxides, Evaporation followed by drying at 180°C usually 
gives results closer to those obtained from complete analysis for mineral 
Species than the results obtained by drying af 103-105°C. 


Procedure 

Transfer the filtrate! obtained in experiment 3.7.3. to æ dried [180°C for 1 
hour; dry at 550 + 50°C for volatile content of dissolved solids] and weighed 
platinum crucible and evaporate to dryness on a steam bath, Dry at 180°C 


for 1 hour in an oven, cool in a desiccator and weigh. Repeat the drying 
process until there is no further loss in weight. 


Observations and Calculations i 
Let the volume of the sample filtered = Vm 


Weight of dried (at 180° C) empty crucible = w; g 


Weight of crucible + residue, dried at 180°C = w g 
Therefore, weight of dissolved solids in 


V ml of the sample = (Wo — wi) g 
and ‘Total Dissolved Solids’ =™ a W X 10° g/1 
W2 — Wi 


y X 10° X 10° mg/l 


pein WI 6 
Vy X 10° ppm 


Note I: If a glass fibre filter disc is not available, a Gooch crucib| 


le with a filter- ed 
from elass fibre or asbestos fibre may be used for filteratio; a ilter-mat prepar 


n. 
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3.7.5. Determination of ‘Fixed’ and ‘Volatile’ Solids 
Procedure 


Ignite the residue obtained in experiments 3.7.2, 3.7.3 or 3.7.4 in a muffle 
furnace at a temperature of 550450°C. Cool the crucible or the filter disc, 
as the case may be, in a desiccator and weigh. Finish the ignition to constant 
weight. 


Precautions ; 

(1) The temperature should be strictly controlled as higher témperatures 
lead to the decomposition of inorganic matter. 

(2) Before placing the sample in the muffle furnace, destroy all inflammable 
material by controlled firing of the sample with bunsen flame. This will 
eliminate mechanical losses due to decomposition. 


Observations and Calculations 


Let the volume of sample taken =Vnl 
Weight of dried filter disc or crucible = wig 
Weight of filter disc or crucible + 

residue (dried) = wg 
Weight of filter disc or crucible + 

residue, after ignition = Wig 
Weight of total solids, suspended solids 

or dissolved solids as the case may be =\(W2 — wi) g 
Weight of ‘Fixed Solids’ left after ignition = (w — wi) g 
Weight of ‘Volatile Solids’ (weight loss ` 
on ignition) r = (w2 — wi) — (ws — wi) 

= (w2 — ws) g 


Therefore, ‘Fixed Solids’ (of total, suspended 
or dissolved matter, as the case 


as a 

may be) ry, X 100% 
TES ee = Ws 

‘Volatile Solids = eae X 100% 


3.7.6 Determination of ‘Settleable Solids’ by Imhoff Cone 


Procedure 

Mix the sample well and pour it into Imhoff cone up to 1-litre mark. 
Leave it undisturbed for 45 minutes, gently stir the sides of the cone with a 
glass rod and let the material settle for another 15 minutes, Record the 
volume of the material that settles and report the result in ml per litre. 
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Precaution 
The volume of any liquid pockets present between large particles should 
be estimated and subtracted from the volume of settled solids. Any floating 


material completely separated from the settled material should not be included 
in the settleable solids. j 


Observations and Result 
Volume of the sample taken = ] litre 
Volume of solids settled = Vml 


Settleable solids = V ml/litre 


4 


Lubricating Oils, Greases and Emulsions 


The resistance to motion that operates when one solid surface is moved 
tangentially with respect to another solid surface, with which it is in contact, 
is known as Frictional Resistance, and results’in considerable loss of energy 
and damage to the contacting surfaces. 

But friction’is not all that useless. An innumerable number of processes of 
everyday life — lighting a match stick, walking, starting or stopping of a 
vehicle, gripping objects by hand, and what not — are dependent for their 
effectiveness on the presence of friction in large enough amounts. When 
friction is less, slippery conditions exist such as walking on sand, climbing up 
an oiled staff, etc. 

' In addition to the Van der Waals forces of attraction (molecular forces of 
cohesion) operating between the molecules of the contacting surfaces, resis- 
tance to motion is caused by inter-locking of minute projections—asperities 
or peaks, may be of the order of 1000 A (quite large when considered on 
molecular scale)-existing on the surfaces of even the smoothest objects. As 
one body moves past the other, some of the peaks are broken off, leading to 
wear and tear of the surface. Friction generates heat (highly localised at the 
points of contact between the rubbing surfaces) and coupled with high 
pressure developed even under small loads (as the actual points of contact 
are very small as compared to the apparent contact area bétween the 
objects) causes fusion of the material at the peaks and accounts for the 
formation of welded junctions. If the relative motion of the bodies is to be 
maintained, additional force is required to break these welded junctions 
which in turn generates more heat. The generation of heat is therefore a self- 
accelerating process and may eventually lead to large scale seizure and bring 
the moving bodies to a grinding halt. 

The losses due to frictional resistance form a substantial part of the total 
energy consumption of mankind. In order to conserve the depleting energy 
reserves, it is essential that the frictional resistance be brought down to the 
optimum. Friction can be reduced by 

(i) decreasing the roughness of the surfaces involved, 

(ii) proper design of the moving parts, Ay, 

(iii) using surfaces of low coefficient of friction, or 

(iv). interposition of a substance of low shear strength between the moving 

surfaces. The substance that is used for this purpose is called a 
Lubricant and the process of reducing friction by use of a lubricant is 
known as Lubrication. 
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In addition to reducing energy losses and wear and tear of the moving 
surfaces, a lubricant is usually called upon to perform one or more of the 
following inter-related functions: 


(a) To act as a heat dissipating medium (coolant) 

(b) To form a seal (to prevent leakage, to keep out dirt) 

(c) To act asa medium for power transmittal (hydraulic) 

(d) To control corrosion (prevent rust) 

(e) To dampen shock (dissipation of mechanical energy through fluid fric- 
tion-dash pots, gears, etc.) 

(f) To act as detergent or remove contaminants (flushing action to remove 
sludges from IC Engines)’ f 

(g) To act as electric insulator (transformers, switch gears). 


Depending upon the Operating conditions and the lubricant characteristics, 
a lubricant may form a fluid film (~1000 A thick) in between the moving 
surfaces thereby Temoving all points of contact between them (Hydrodynamic 
or Fluid Film Lubrication). Solid friction is completely substituted by fluid 
friction and the coefficient of friction (0.001-0.01) is governed by viscosity of 
the fluid. 

Under conditions of high load, low speed, or when the lubricant has a low 
viscosity, it may be Squeezed out of position. Lubrication is then maintained 
by a very thin film (only a few molecules thick) of the lubricant adsorbed on 
the surface (Boundary Lubrication). The moving surfaces are not completely 
separated but their points of: contact are considerably decreased. The coeffi- 
cient of friction depends on the sticking characteristics (Oiliness) of the 
lubricant and is much higher (0.05-0.15) than in the case of hydrodynamic 
lubrication. 

When the pressure and temperature afe' enormously high, even the boun- 

. dary film may break. Lubrication under such conditions is maintained by 
Extreme Pressure Additives—certain substances added to the lubricant which, 
under the conditions of extreme Pressure and temperature, react with the 
solid surface in question Producing compounds having low shear strength, 
thus reducing the friction. z 

A wide variety of materials—air, liquids (animal and vegetable oils, mineral 
oils, synthetic oils), emulsions (oil-in-water and water-in-oil), suspensions 
(aquadag and oildag), semi-solids (greases) and solids (graphite, molybdenum 
disulphide, etc.)-have been employed for lubrication purposes. 


4.1 Oils 

‘Fatty’ oils of vegetable and animal origin, such as olive oil, palm oil, 
rapeseed oil, linseed oil, cottonseed oil, castor oil, tallow oil, lard oil, sperm 
oil, seal and whale oils were the first to be used. They are usually the 
mixtures of mixed glycerides of saturated and unsaturated long chain acids 
and can be represented by f 
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CH:OOC.R 

| 

CHOOC.R’ 

l 
CHOOC.R”. 


These oils are called ‘Fixed’ oils as they cannot be distilled without decom 
position. They have good oiliness but 

(a) are costly 

(b) easily undergo oxidation, get polymerised and thickened, and 

(c) have a tendency to get hydrolysed in presence of water or moisture, 
So they are now used only to a limited extent in the manufacture of greases 
and. as additives to improve the oiliness of other lubricants. They have 
largely been replaced with cheap, more easily and abundantly available and 
more stable mineral oils obtained by refining of petroleum.Chemically, mineral 
lubridefating oils are mixtures of hydrocarbons (C)2-Cso), and may contain 
only a small amount of Oxygen, present as impurity, while this element is the 
main constituent of fatty oils. 

Selection of a lubricant for a particular job is a highly professional task 
and depends on such a wide variety of factors as the design of machine, the 
Operating conditions (temperature, pressure, speed of movement, the duration 
for which the machine is to be used continuously, the nature of the environ- 
ment), mode of application of the lubricant and its physical and chemical 
characteristics. It is now universally realised that the physical and chemical 
Properties such as viscosity, specific gravity, flash point, volatility, acid value, 
saponification yalue, iodine value, etc., as measured in the laboratory, do not 
indicate exactly. how a lubricant will behave under the operating conditions, 
These tests are therefore mainly used in the classification of and specifications 
for the type of lubricant required. They are also helpful in comparing the 
composition and evaluating the potential of the commercially available 
products. For a reasonably good prediction, the properties. measured in the 
laboratory should be correlated to the service conditions expected to be met 
with in actual use. It is therefore desirable that variation of these characteristics 
with temperature, load, etc., and the extent and nature of possible contami- 
nants should be studied. The suitability has finally to be established under 
the working conditions. 

Usefulness of tests increases if test results can be compared directly with 
those obtained by others. This will be possible if the tests are performed in 
accordance with universally accepted common specifications. The majority of 
the tests have been standardised by British Institute of Petroleum (IP) and by 
American Society for Testing and Materials (ASTM). A few of these tests 


are outlined below. 
42 Viscosity and Viscosity Index 
Significance 


Viscosity is a measure of flowability at definite temperatures. The flow 
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properties of oils influence the rate of production of an oil-well, the transport’ 
of crude oi! and refined products in pipelines and the performance of an oil 
as a lubricant in a machine. 

Viscosity is the single most important property of the lubricating oils 
which determines their performance under the operating conditions. A lubri- 
cating oil Should have sufficient viscosity to enable it to.stay in position. On 
machine parts moving at slow speeds under high pressures, a heavy oil (high 
viscosity) should be used as it better resists being squeezed out from between 
the rubbing parts. Light oils (low viscosity) can be used, however, when 
lower pressures and higher speeds are encountered (since high speed permits 
a good oil wedge to form) and should be preferred as they do not impose as 
much drag on high speed parts as heavy oils do. In fact, under hydrodynamic 
lubrication, solid friction is completely substituted by fluid friction and so the 
frictional resistance encountered depends directly on the viscosity of the oil. 
Therefore, for minimum friction the thinnest (least viscous) oil that will stay 
in position should be used. 


Change of viscosity with temperature: Viscosity Index 

With rise in temperature, forces of cohesion between the molecules of a 
fluid are weakened, resulting in a decrease in viscosity. When the same 
lubricant has to function satisfactorily at widely varying temperatures (as is 
encountered in hydraulic systems, crankcases of internal combustion engines, 
automatic transmissions and gear cases and portable air compressors), the 
vatiation of its viscosity with temperature must be negligibly- small. Otherwise, 
the lubricant may become very thin at higher temperatures (usually above 
200°C during take off or landing of an aircraft) and may be squeezed out 
of position; or it may become highly viscous at very low temperatures (at 
times about —50°C, when the oil is pumped into aircraft engines in colder 
regions of the world) and may even cease to flow. 

The variation of viscosity with temperature is either indicated by Visco- 
sity-Temperature Curves (V-T curves) or measured on an arbitrary scale 
known as Viscosity Index (V.1.). 

V.I. represents the average decrease in viscosity of an oil per degree rise in 
temperature between 100°F and 210°F. The viscosity (at 100°F) of the oil 
whose V.I. is to be calculated is compared with that of two standard oils, 
having the same viscosity at 210°F as the oil under fest. One of these 
reference oils is chosen from a standard set made from Pennsylvania crude 
(consisting mainly of paraffins and showing a relatively small decrease in 
viscosity with rise in temperature) and arbitrarily assigned a V.I. of 100; the 
other is chosen from a standard set made from Gulf-Coast crude (consisting 
mainly of alicyclic hydrocarbons or naphthenes and exhibiting a relatively 
large variation in viscosity with temperature) and arbitrarily assigned a V.I. 
of 0 (zero). Mathematically, 


aU 


P L 
Viscosity Index = LL-H 


X 100, (4.1) 
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where U = viscosity at 100°F of the oil whose V.I. is to be determined 

L = viscosity at 100°F of an oil of zero V.I. having the same 
viscosity at 210° F as the oil whose V.I. is to be determined 
viscosity at 100°F of an oil of 100 V.I. having the same 
viscosity at 210°F as the oil whose V.I. is to be calculated. 


and H 


An oil whose viscosity changes rapidly with change in temperature has a low 
V.I. (the slope of V-T curve is high) while the one whose viscosity changes 
only slightly has a high V.I. (the V-T curve is flatter). Addition of linear 
polymers increases V.I. and oils with V.I. higher than 100 have been 
prepared. Methods to caiculate values of V.I. higher than 100 are also 


available. 


Viscosity index 0 | L 
U 
. . . a 
Viscosity index 100 on 
o 
OT eae a 
a Rae ran hates 
ES (Viscous-static ) 
100°F (38°C ) 210°F (99C) - 
Fig. 3 Viscosity-temperature curves for the standards (L&H) and the oil. under 
test (U). 


4.2.1 Determination of Viscosity of the given oil with Redwood Viscometer 
Theory 

The Absolute or Dynamic viscosity is the tangential force per unit area 
requifed to move one hofizontal plane of the fluid at unit velocity with 
respect to another maintained at a unit distance apart by the fluid. When the 
force is 1 dyne/cm’, the distance between the layers or planes is 1 cm and 
the velocity gradient is 1 cm/sec, the viscosity is 1 poise. This being a large 
unit, absolute viscosity is more commonly expresseed in centipoise 


(= pil poise). The viscosity, also known as coefficient of viscosity, 7, of 
1 


water at 20°C is 1.002 centipoise. 

When a liquid is made to flow through a capillary tube by a pressure 
gradient, and the time for a given volume to flow along the tube is 
measured, then at constant temperature, the coefficient of viscosity, y, is 


given by Poiseuille’s equation 
mPrit 
nS 8 VL (4.2) 
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where P = pressure difference between the ends of the tube 
L = length of the tube 
r = radius of the tube 
t = time in seconds 
V = volume of the liquid flowing through the tube in t seconds. 


When the ‘Inlet correction’ and the ‘Kinetic Energy Correction’ are incor- 
porated, the above equation takes the form 

mPrit ES E VE 
V(L+ kir) 8r(L + kirt 
where p is the density of the liquid and k; and kz are constants which 
depend on the form of the apparatus and are determined experimentally (kı 
=0-1.6, k> = 1-1.5). 

For accurate measurements on mineral oils, glass capillary viscometers are 
used. The driving force is provided by the head of the test oil flowing 
vertically down the tube and is given by 5 


P= hpg, (9) 


where h is the mean height of the oil. The tube dimensions are so chosen 
that. kir in equation (4.3) becomes negligible as compared to L, so that 


a= (4.3) 


_ ahpgrt _ _ Vok: (4.5) 
8 VL 87 Lt 


For a particular instrument (Viscometer), the head of the oil is maintained at 
the same height h, and the time t in secs. for the flow of a fixed volume of 
the oil through the capillary of fixed dimensions is measured. Then h, g, r, V 
and L all become constant and equation (4.5) is reduced to 


n= Cot — 32 (4.6) 
Dividing both sides by p, we get 
2=¢,-2 (4.7) 
p t 
=Ct (4.8) 


when t is very large. The time t in seconds measured experimentally is 
reported as Relative Viscosity and its magnitude depends on the viscometer 
used and the volume of the liquid that flows through the tube of the 
viscometer. Therefore, while reporting fhe relative viscosities of oils, the 
viscometer used must be specified. 

The quantity n/p, the ratio of absolute viscosity to density of the liquid is 
known as Kinematic Viscosity. It is denoted by v and) is expressed in 
centistokes when 7 is expressed in centipoise. The viscometers are usually 
engraved with the constants B and C such that when t is in seconds, v is in 
centistokes. The kinematic viscosities are thus independent of the viscometer 
used. 
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If measurements are made on two different liquids using the same visco- 
meter, from equation (4.8) we get 


Men (49) 
and pi 

m 

ain Gb 4.10 

F (4.10) 


where 71, pı and t; are the absolute viscosity, density and the time of flow 
of a fixed volume respectively for the first liquid and 72, p2 and tə the 
corresponding values for the second liquid. Dividing equation (4.9) with 
(4.10) and rearranging, we get 


= py Bt 

prte 
Thus knowing 72, the absolute viscosity of one liquid, pı and pz, the 
densities of the two liquids at the temperature of the experiment and 
Measuring ti and t, the absolute viscosity of the other lequid can be 
calculated. : 


m (4.11) 


Redwood Viscometers 

Redwood viscometers are available in two sizes-No. 1 (Universal) and 
No. 2 (Admirality). The two viscometers, RW1 and RW2, are identical in 
principle, shape and method of testing a sample. The difference lies in the 
dimensions of the discharge capillary (tube/ (jet/ orifice): 


Viscometer Dimensions of jet 


Diameter Length 
RWI 1.62 mm 10 mm 
RW2 3.8 mm 50 mm 


The rate of discharge of the oil through RW2 is nearly 10 times the 
discharge through RW1 and so the RW2 receiving-flask is designed with a 
wider mouth. 

RWI is commonly used for light or thin oils (e.g., kerosene, mustard oil, 
etc.). For highly viscous liquids (e.g., fuel oil, mobile oil, glycerol, etc.), when 
the flow time with RW1 may exceed 2,000 seconds, RW2 is used. 


edure > ; 
ser the viscometer with the help of levelling screws. Fill the outer bath 


with water and connect to electric mains. Clean the oil cup and the 
discharge jet with xylol followed by passing a small amount of the test oil 
through the jet, using a plunger. Place the ball valvé on the agate jet to close 
it and pour the test oil into the cup to such a level that the metal indicator 
(pointer) fixed on the wall of the oil cup just dips in the oil. Insert a 
thermometer and a stirrer and cover with lid. Keep stirring the water in the 
bath and the oil in the cup and adjust the bath temperature until the oil 
attains the desired constant temperature. Place a/clean and dry Kohlrausch 
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flask (marked to 50-ml capacity) immediately below and directly in line with 
the discharge jet (Figure 4). Remove the ball valve with one hand, simul- 
taneously starting the stop watch with the other. Oil from the jet flows into 
the flask. Stop the timer when the lower meniscus of the oil reaches the 50- 
ml mark on the neck of the receiving flask. Record the time elapsed in 
seconds. Repeat the experiment to take a number of readings and report the 
mean value in seconds (Relative viscosity) mentioning the viscometer used 
and the test temperature. 


Fig. 4- Redwood Viscometer. 


A— Levelling screw B— Water bath 
C—Heating coil D—Brass oil cup 
E—Agate jet F—Metallic ball valve 
G—Metal indicator H—Lid 

I—Oil stirrer J— Water bath stirrer blade 
K— Water outlet L— Water inlet 

M— Kohlrausch flask Tı—Test thermometer 


T:—Bath thermometer 


Precautions 

(1) Before testing, the oil should be filtered through muslin cloth or a 100- 
mesh wire-strainer to remove solid particles that may otherwise clog the jet. 
Moisture also clogs the jet and if present, the sample should be filtered 
through lintless filter paper. 

(2) The receiving flask should be placed in such a way that the oil stream 
from the orifice (jet) strikes the neck of the receiving flask and does not 
cause foaming. : 
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(3) To prevent the oil from overflowing, the jet valve should be closed 
immediately after stopping the timer. 

(4) After each reading, oil should be completely drained out of the receiving 
flask. The flask should preferably be washed with xylol and dried before 
repeating the test. F 

(5) The fest may be expedited by preheating the oil sample, before straining, 
in an aluminium cup (to not more than 3°F higher than the temperature of 
the test.) 


Exercises 

88. What is meant by ‘Inlet Correction’? 

89. What is the minimum Efflux Time (Flow time or Discharge time ) 
recommended for (Redwood) Viscometers ? 

90. The viscosity of an unknown oil was measured with Saybolt Universal 
Viscometer (S.U.V.) at temperatures 100°F and 210°F and was found 
to be 600 seconds and 60 seconds Tespectively. Calculate the Viscosity 
Index (V.L) of the oil using the following table: 


Namie of the oil V.I. S.U.V. seconds 

at 100° F at 210° F 
1. Pennsylvanian oil 100 420 60 
2. Gulf oil 0 780 60 


91. How does the viscosity of a liquid vary with rise in temperature ? 
92. What is meant by ‘all weather lubricants’? ` 

93. Give some examples of lubricants that have high Viscosity Index. 
94. How is the Viscosity Index of a lubricating oil improved ? 

95. What is meant by the term ‘Viscous-Static’ ? í 

96. How can a viscous-static lubricant be prepared ? 


4.3 Cloud and Pour Points 


Lubricating oils derived from petroleum usually contain dissolved paraffin 
wax and other asphaltic or resinous impurities, their amounts depending on 
the efficiency of dewaxing and refining process used. These impurities. tend 
to separate out of the oil at lower temperatures. When a petroleum oil is © 
chilled under specified conditions, the temperature at which paraffin wax or 
other solidifiable materials, normally dissolved in oil, begin to separate out 
from solution in the form of minute crystals, causing the oil to become less 
transparent, cloudy or hazy in appearance, is known as the Cloud Point of 
the-oil. ‘ 

If the cooling is continued further, the amount of the Separating material 
increases and a stage is reached when the oil solidifies and stops flowing. 
The lowest temperature at which an oil will flow or pour under prescribed 
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conditions, when it is cooled undisturbed at a fixed rate, is called its Pour 
Point. 

The cloud point determination is limited only to transparent oils; otherwise 
there may be slight variation in results due to the human error involved, 
since the decrease in transparency is to be visually observed. 


. Significance 

Cloud point of a lubricant to be applied by a capillary-feed system or 
wicking arrangement must be low so that the oil flow does not step due to 
deposition of crystals of wax in the capillary or wick interstices. Cloud point 
1s helpful in identifying the temperatures at which wax separation may clog 
the filter screens in the fuel intake system of diese! engines. Oils of naphthenic 
type, which are almost wax-free, show very low cloud points and’ this fact 
may be useful in identifying the source of the oil. : 

Pour point is more important since in the lubrication of any machine 
subjected to low temperature, the lubricant must flow freely, especially 
during the start-up period. A high pour point may lead to solidification of 
the lubricant that may cause jamming of the machine. Pour point also 
establishes the lowest temperature at which an oil can be transferred by 
pouring or below which, because of extremely poor mobility of the oil, 
lubrication by gravity flow process is less reliable. 


bottom of the jar and report it as the cloud point, 


4.3.2 Determination of Pour Point of an Oil 
Proceed as in the cloud peint test with the difference that the thermometer 

bulb is just completely immersed in the oil, instead of touching the bottom 

(Figure 5). Starting at a temperature about 20°F above the expected pour. 
point, take out the jar after every 5°F fall in temperature and tilt it just 
enough to see any movement of the oil. Immediately replace the jar in the 

Jacket. At a point where the oil in the Jar shows no movement on tilting, 

hold the jar in a horizontal position for 5 seconds. If there is some movement 

of the oil, replace the jar immediately in the jacket and repeat the test for 
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flow after further 5°F fall in temperature. Continue the test until no 
movement of the oil is observed when the test jar is held in a horizontal 
Position for exactly 5 seconds. Record the Teading on the test thermometer 
as Solid Point. Add 5°F to this temperature to get the pour point. 


Thermometer bulb position 


Beginning of wax 
Separtion or 
Appearance of haziness 


Thermometer 
b 


Solid ulb position 
Cloud point 
Pour point determination 
Fig. 5 Cloud point and Pour point apparatus. 

A—Freezing mixture B—Cork disc 

C—Glass or Copper jacket D—Support for holding the jacket 

E—Test jar G—Air gap 

F—Ring gasket T;—Test thermometer 

H—Cork 


T2—Bath thermometer 


Precautions aif 
(1) The test jar should not touch the jacket. This is achieved by placing a 
cork disc at the bottom of the jacket and using a ring gasket around the test 
jar. 

(2) The complete operation of the removal and replacement of the test jar 
should be completed within 3 seconds. 


(3) When the pour point is very low, a number of freezing mixtures with 
decreasing lower temperature should be used. 
(4) When the separation of wax crystals starts, great care should be taken 
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not to disturb the mass of the oil. Even the thermometer should not move in 


the oil. Any disturbance will delay solidification and so lower results will be 
obtained. : 


Exercises 

97. List a few commonly used freezing mixtures along with the pour 
point that can be determined: with their help. 

98. What is meant by ‘Solid Point’ of an oil ? 

99. What is the difference between ‘Wax pour point’ and ‘Viscosity pour 
point’? è 

100. How can the pour point of an oil be lowered ? 

101. What are pour point depressants ? 

102. What is ‘paraflow’? 


4.4 Flash and Fire Points 


Flash point is the temperature to which a combustible liquid must be 
heated to give off sufficient vapours to form momentarily a flammable 
mixture with air when a small flame (of standard dimensions) is brought 
near the surface of the liquid under specified conditions. : 

It is therefore the minimum temperature at which, provided other condi- 
tions are satisfied, only a momentary flash in produced. The flash immediately 
disappears for want of more vapours, i.e., the temperature is not high enough 
for the vapours to be formed at sufficiently high rate. f 

At a slightly higher temperature, the heat from the flash becomes sufficient 
to evaporate more liquid and maintain combustion. This minimum tempera- 
ture (usually 5 to 40°C higher than Flash Point) at which an oil gives off 
sufficient vapour which when ignited continues to burn for at least 5 seconds 
is known as FIRE POINT of the oil. 

A fire may develop if a set of the following three conditions (known as 
FIRE TRIANGLE) is simultaneously satisfied: 

(a) A source of ignition (Ignition sources are abundant-anything from 
static electricity, flame, an arc, a single spark, a cigarette, a match to 
ash from a pipe, and many more) : 

(b) Oxygen (abundantly present in air) 

(c) Combustible vapours within the Explosive Range—a combustible 
vapour does not burn even when ignited in presence of air (O2) if its 
concentration in the vapour-air mixture is (i) less than this range (‘too . 
lean’) or (ii) more than this Tange (‘too rich’). 

[This latter fact is utilised in making hydrocarbon mixtures less flammable 

(for use as Industrial Cleaners) by the addition of (i) a non-combustible 

liquid such as CCl, (not widely used because of high toxicity), or 

(ii) Jess-combustible chlorinated substances such as trichloroethylene and 

methylchloroform, as they bring down the concentration of the combustible 

vapour below the explosive range and make them ‘too lean’ to ignite.] i 
Flammable liquids are volatile and speed of evaporation (Evaporation 


Lubricating Oils, Greases and Emulsions 95 


Rate) increases appreciably when the liquid is heated. The vapours being 
heavier than air, go on accumulating at the lowest level, such as pits under 
the tanks, where their concentration reaches within the explosive range and 
explode and burn in the presence of an ignition source. This can be 
prevented by mechanical ventilation of any pits at the bottom of oil tanks—this 
increases the rate of diffusion bf vapours and the explosive range is not 
approached. 


Significance 

Though unrelated to the lubricating property of the oils, a knowledge of 
Flash and Fire Point is helpful in providing safeguards against fire hazards 
during their storage, transportation. handling and use. Their practical impor- 
tance for transformer oils is obvious. They are also of inmense importance 
for illuminating oils-to ensure safety, flash point of illuminating oils (e.g. 
kerosene) should be reasonably above the average maximum atmospheric 
temperature of a country. 

Although flash point and fire point are not sufficient as the sole indices of 
a fire hazard, they have been used for comparative ratings of the fire hazard 
potential of different flammable liquids and for labelling their containers 
accordingly—liquids having flash points less than 140°F are called FLAMM- 
ABLE LIQUIDS and those with flash points above 140°F are called 
COMBUSTIBLE LIQUIDS. f 

Fire-insurance companies are concerned about the flash points of the oils 
stocked by their Policy Holders. Also, Railways are normally concerned 
about the flash points of the oils they carry. 

The volatility of a liquid markedly increases when it is heated to or aboye 
its flash point. So, a low flash point indicates appreciable evaporation losses 
and possibility of formation of gas-locks in fuel pipes of SPARK Ignition 
Engines. 

Flash and Fire-points have also been used to detect solvent contamination and 
to determine the approximate extent of dilution of the Lubricating oils. 

Flash point is higher for oils of paraffin base than those of naphthenic 
base. This test is therefore a rough guide as to the base of an oil. 

The test is also useful to refiners in controlling the manufacturing process, 


4.4.1 Determination of Flash Point by Abel’s Flash Point Apparatus 

The cylinderical oil cup (made of brass) and the lid (also made of brass 
and provided with a paddle stirrer, an opening for a thermometer, an 
arrangement for applying a small test flame and three small Openings—one for 
the application of test flame and the other two for the entry for air into the 
oil cup-covered by a sliding shutter) are thoroughly cleaned and dried. The 
cup is filled with the oil sample to a level such that the tip of the metallic 
pointer fixed on the side of the cup just dips in the oil. The lid is tightly 
fixed on the cup, the thermometer is inserted and the shutter is closed. The 
cup is now supported by its flange over a Copper air-jacket which is enclosed 
by a cylinderical vessel made of copper (Figure 6). Through a funnel, the 
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outer vessel is filled with warm water at 130°F (for oils having flash point 
up to 90°F) or with cold water (for oils flashing from 90°F to 120°F) 
which is heated ‘electrically. The test flame is lighted and adjusted to the size 
of a white bead mounted on the cover. The sample- is heated at a rate of 5°F 
per minute and the stirring paddle is turned at a speed of approximately one 
revolution per second. When the temperature of the oil reaches within 15°F 
of the probable flash point, first application of the test flame is made by 
pulling the sliding shutter outwards when the test flame drins into the central 
Opening in the lid and comes in contact with the. ascending vapour-air 
mixture, Subsequently, the test flame is applied at every 2°F rise of tempera- 
ture. When the application of the test flame first produces a distinct blue 
flash in. the interior of the oil cup, the temperature on the test thermometer is 
recorded (let it be tF) and heating is discontinued. The temperature of the 
oil continues to rise for some time: The oil is then allowed to cool down (if 
the cooling rate is too slow, some cold water may be added to the bath 
through the funnel). When the temperature comes down to within 10°F of 
ti, test flame is again applied at every 2°F fall of temperature. The lowest 
temperature at which flash is produced is recorded. Let it be ($F. 

The flash point of the oil sample is given by 


z moe F. (4.12) 


Fig. 6 Avet’s tlasn point apparatus 


A—Tripod stand B—Copper air jacket 

C—Heating coil D— Water inlet 

E— Water outlet F—Air gap 

G— Brass oil cup H—Stirrer 

(with flange) I—Pointer 

J—Lid K—Sliding shutter 

L—Test flame M—White bead 
Ti—Test thermometer T2—Bath thermometer 


N—Water bath 


Lubricating Oils, Greases and Emulsions 97 


Precautions : ‘ 

(1) As moisture affects the flash point, all parts of the cup and its accessories 

should be dried before placing oil in the cup. $ 

(2) No oil should remain between the sliding and fixed plates forming the 

cover of the cup. If necessary, these should be separated and cleaned. Care 

should also be taken to prevent wetting of the cup above the pointer tip. 

(3) With very low flashing oils, = sample (sometimes the oil cup itself) 
be cooled in melting ice before filling. 

G Always a fresh portion of the oil sample should be used. A second 

determination on the same portion of the oil shows a higher flash point. 

(5) The thermometer bulb should dip into the oil. 

(6) For applying the test flame, the slide should be drawn open slowly and 

closed quickly. ane 

(7) Stirring should be discontinued during the application of the test flame. 


Exercises z 


103. What is the purpose of the air jacket surrounding the oil cup? 

104. What is Spontaneous Ignition Temperature (S.I.T.) of a liquid? 

105. What are the factors that affect the flash and fire points of oils? 

106. How does the presence of water affect the flash point of an oil? 

107. How is free water removed from an oil? 

108. What is meant by a ‘Freaky’ flash? 

109. Why fatty oils do not have sharp or distinct flash points? 

110. What is meant by Flash Point ‘Closed’ and Flash Point ‘Open’? 
Which one is reprodycible and why? 

111. Describe the main difference between the Abel’s closed-cup and 
Pensky-Marten’s closed-cup methods for flash point determination. 


4.5 Aniline Point 


Since like dissolve like, aniline is readily soluble in those lubricants which 

are rich in aromatic and naphthenic compounds (all containing ring struc- 
tures). In lubricants richer in paraffins, dissolution takes place at higher 
temperatures. The tendency of a lubricant to mix with aniline is expressed in 
terms of Aniline Point of the sample. 
. Aniline Point (also known as Standard Aniline Point), with respect to 
petroleum oils, is the lowest temperature at which the oil is completely 
miscible with an equal volume’ of freshly distilled aniline. Alternatively, 
Aniline Point is the minimum equilibrium solution temperature for equal 
volumes of aniline and the lubricant sample. 


Significance 

Aniline point of any lubricant is a measure of its aromatic content. A 
lubricant with a low aniline point (therefore having high aromatic content) 
will tend to attack (Solvate and swell) the rubber seals, used in the system to 
prevent leakage. The sensitivity of a rubber to a lubricating oil depends on 
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the characteristics of the rubber formulation (composition), and for a rubber 
seal of fixed composition, the severity of attack increases with decrease in 
Aniline Point. f ? 

The best way io’ ascertain the probable action of a lubricating oil on 
rubber is, of course, to immerse the particular rubber in the oil and observe 
any swelling or softening: but this is a time consuming exercise and may 
involve weeks or months. The aniline point of an oil, which can be 
experimentally measured within hours, therefore, can be used as advance 
information as to the Possible deterioration of rubber sealing, gasket and 
packing material in the presence of the oil. J 4 

A lubricant of high aniline point is recommended. for. systems in which 
rubber seals are being used. Also the lubricants of almost the same aniline 
points should be used in a system, as any variation may change the volume 
of rubber seals and leakage might take place. 


Mixed Aniline Point P 

There may be certain lubricants (with very high aromatic content) which 
when mixed with equal volume of aniline may remain completely miscible 
and separation into different phases may not be observed even at the time of 
solidification. For determining such low aniline points, 1 volume of sample is 
mixed with 2 volumes of aniline and 1 volume of a suitable diluent (n- 
hexane or n-heptane). Addition of the diluent lowers the miscibility of 
aniline with the sample and so with decrease in temperature, separation of 
phases can be easily observed. The equilibrium solution temperature observed 
under these conditions is known as Mixed Aniline Point, which can be used 
in the same way as the Standard Aniline Point. 


4.5.1 Determination of Aniline Point of an Oil 
Equal volumes of the sample and aniline are heated to effect complete 
dissolution and then cooled under controlled Conditions. The temperature at 


glass rod stirrer and a thermometer (Aniline-Point Thermometer of appropriate 
range) with its bulb about 5 mm above the bottom of the tube. The tube is 


solution. If miscibility is not complete at room temperature, the jacket 
(holding the tube) is immersed in a hot bath. Stirring is continued and the 
temperature of the bath is raised until the solution is complete. The jacket is 
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then withdrawn from the hot bath and, while stirring gently, the temperature 
is allowed to fall at a rate below 1°C per minute (a cold bath may be used, 
if necessary). The temperature at which the outline of the thermometer bulb 
is obscured, due to cloudiness or haziness in the solution, is reported as the 
aniline point of the sample. This is 1-2°C below the temperature at which 
the turbidity is first observed. 


Fig. 7 Aniline point apparatus. 


A—Outer air jacket B—Test tube 
C—Air gap D—Corks 
E—Equal volumes of oil F—Glass stirrer with 
and aniline auger tip 
G—Rubber tubing H—Variable speed motor _ 


T,—Aniline point thermometer 


Precautions 

(1) The whole apparatus and all the reagents must be perfectly dry as the 
presence of even traces of moisture gives erroneous high results. 

(2) Aniline being hygroscopic, water should not be used even in hot and 
cold baths. Instead a nonaqueous, non-volatile, transparent liquid 
should be used. 

(3) In case the expected aniline point is below the dew point of the 
atmosphere, the space above the aniline-sample mixture in the tube 
should be filled with dry N2. 

(4) Aniline being highly toxic, it should not be sucked into the pipet by 
mouth. A pipet provided with a rubber suction bulb or an aspirator 
should be used. 3 

(5) _ Stirring should be done at such a rate as to avoid any splashing of the 


liquid or formation of air bubbles. 
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Exercises 

112. What is the purpose of the air jacket enclosing the test tube? 5 

113. What is the effect of the viscosity of mineral oil on its action on 
rubber? 5 ; 

114. What is the relation between the aromatic content of a lubricating oil 
and its Aniline Point? 

115. Which type of oils have the highest aniline points? 

116. What are the ranges of aniline-point thermometers? 

117. How is aniline point related to the ignition quality of a diesel fuel? 


4.6 Neutralisation Number 


Definitions 


1. Total Acidity, Acid Number or Acid Value of a lubricating oil is the 
amount of titrating basé, expressed as mg of KOH, required to 
neutralize all acidic constituents of 1 g of the sample. k 

2. [Total] Basicity, Base Value (Alkali Value) or Base Number (Alkali 
Number) of a lubricating oil is the amount of titrating acid, expressed 
as mg of equivalent KOH, required to neutralize all the basic consti- 

- tuents of one gram of the sample. 

3. Inorganic Acidity, Strong Acid Number or Strong Acid Value repre- 
sents the mg of KOH used to neutralize the mineral acid content of l 
g of the sample. The difference of Total Acidity and Inorganic 
Acidity is equal to Organic Acidity. 

4. Strong Base Number or Value is the amount of acid; expressed as mg 
of equivalent KOH, used to neutralise the strong basic constituents of 
1 g of sample. 


The terms Neutralisation Number or Neutralisation Value may be used to 
represent any of the values. 


Sources of Acidity & Significance 

Fatty oils consist mostly of glyceryl or other esters of higher fatty acids—in 
some Cases, notable amounts of free acids themselves are present. The 
amount of the free acid present depends on the source from which the oil is 
taken. The acid content or value of fatty oils inceases with time due to 
hydrolysis with moisture and is therefore a rough indicator of the age of the 
oil, i.e., it gives an idea of how old a fatty oil is. The deterioration in the 
flavour of the edible oils with time is due to the increase in the free acid 
concentration formed by hydrolysis and oxidation, ; 

The presence of free minerals acids in lubraciating oils is very rare and is 
a pointer to external contamination. 

New, unblended petroleum oils should have very low neutralisation values 
usually ranging from 0.02 to 0.1. Values higher than this indicate faulty 
refining, i.e., acids and bases used during the refining process have not been 
completely removed. Blended or compounded oils may have higher values of 
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neutralisation sumber because of the presence of additives such as oiliness 
carriers (fatty acids, fatty oils), oxidation and corrosion inhibitors (phenols, 
aniline), etc. The test is therefore used to maintain specification control on 
new lots of the lubricant. 

As the oil is used, the neutralisation number may incease due to contami- 
nation (e.g., SO, from the combustion of S in the fuel, CO, from combustion 
or that ‘present in atmosphere) and/or oxidation of the oil. The oxidation of 
the oil results in the formation of oil soluble alcohols, ketones, acids and 
peroxides (which may polymerise to give insoluble resins) thereby increasing 
the acid number, viscosity and darkening the oil colour. The rate and extent 
of oxidation of the oil during use depends on temperature, length of exposure 
to air or oxygen, amount of moisture, catalysts present (formed by the action 
of oxidation products on the metal surface), type of oil and the inhibitors 
used. 

Periodic determination of Acid Number, therefore, can be used to indicate 
the’ progress of oxidation of the lubricant and for systems operating consist- 
ently under exactly the same conditions without external contamination, a 
record of such determinations is helpful in deciding the stage, with a 
considerable degree of accuracy, where the lubricant needs replacement. 

Although the neutralisation number gives the amount of acid or base 
present in the lubricating oil, it gives no information about their source and 
corrosive nature. 


4.6.1 Determination of Total Acid Value of an Oil 


Reagents Required’ 

1. Standard alcoholic potassium hydroxide solution (N/100) 
2. A suitable titration solvent (p. 8) 

3. Phenolphthalein indicator solution 

4. p-Naphtholbenzoin indicator solution. 


Theory 
A known weight of the oil sample is dissolved in a suitable solvent and 
titrated with a standard alcoholic solution of KOH to a definite end-point. 


H + OH — HO (4.13) 
R-COOH + KOH — RCOOK + HO (4.14) 


Procedure 

Weigh accurately the beaker containing the oil sample and a dropper. 
Transfer 150 drops (about 5 g) of the oil to a titration flask and take the 
final weight of the beaker, oil and dropper. The difference gives the weight 
of the oil sample. Add with a measuring cylinder 100 ml of a suitable 
titration solvent. [Select, from 1 to 6 (p. 8), -a solvent that „ completely 
dissolves the sample]. Shake vigorously to dissolve the oil (in case of alcohol 
as solvent, heat the reaction mixture to boiling on a water bath), Add 20-25 
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drops of p-naphtholbenzoin solution or 10-12 drops of phenolphthalein 
indicator and titrate against N/100 alcoholic KOH solution until a sharp 
colour change from orange to green or bluish green (in case of p-naphthol- 
benzoin indicator) or until disappearance of pink colour (in case of phenol- 
phthalein indicator). Record the volume of alkali used as A ml. Run a 


blank on the reagents used and record the volume of alkali consumed as B 
ml. 


4.6.2 Determination of Strong Acid Number or Inorganic acidity of an Oil 


Reagents Required 


1. Standard potassium hydroxide solution (N/100) 
2. Methyl orange indicator solution. 


Procedure 


Transfer 25-50 g of accurately weighed oil sample to a 500-ml separating 
funnel. Add 100-150 ml hot distilled water, shake vigorously and allow to. 
stand for the separation of oil and water layers. Drain the water layer into a 
500-ml conical flask. Wash the oil layer with two to three 50-ml fractions of 
hot distilled water and collect the washings in the same conical flask. Add 
3-4 drops of methyl orange indicator and titrate against N/100 KOH 
solution until the colour changes from red to yellow. Record the volume of 


alkali used as A ml. Run a blank on the same volume of hot water and 
tecord the volume of alkali used as B ml. 


Observations & Calculations 

Initial weight of beaker, oil and dropper = W; g 
Final weight of beaker, oil and dropper = Wz g 
Weight of oil sample taken = (Wi-W2) g 

Volume of N/100 KOH used in the test = A ml 
Volume of N/100 KOH used in the blank = B mi 


Therefore volume of N/100 KOH used against acid in (Wi-W2) g of oil = 
(A—B) ml ; 


Aeda & ml of KOH used X Normality X 56 
a ee 

(or strong acid weight of sample 

value, as the case may be) 


Bn Ghee) ly 

~ (Wi = Wa) * oo * 56 
(A — B) 

Sr a OY 
(Wi — W2) p26 


Precautions 
1. The solvent used should be freshly distilled. 
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2. The alcholic soiution of KOH must be standardised just before the 
test. 

Bs While carrying out the test on ‘Fatty Oils’ the reaction mixture 
should not be heated. 

4. In case the pink colour fades repeatedly after subsequent additions of 


alkali. the titration should be completed rapidly and the first appear- 
ance of pink colour should be taken as the end-point. 

5! Phenolphthalein is a satisfactory indicator for pale oils but when the 
test sample is highly coloured (red or black) a smaller weight of the 
sample should be taken and p-naphthoibenzoin indicator should be 
used or better the end-point should be determined potentiometrically. 


Exercises 
118. When phenolphthalein is used as indicator, the pink colour at the 
' end-point sometimes fades away after a few seconds. What is the 

possible cause of this? 

119. In determining the acid value of ‘fatty oils’, what wiil heppen if the 
reaction mixture is heated? : 

120. What inference is drawn if addition of p-naphtholbenzoin indicator to 
the oil sample, dissolved in a suitable solvent, produces a green or 
bluish green colour? How is the titration performed? 


4.7 Saponification Value or Number or Koettsdoerfer Number 


Saponification is the hydrolysis of an ester with NaOH or KOH to give 
alcohol and sodium or potassium sait of the acid. The term originated from 
the alkaline hydrolysis of fatty oils which led to formation of soaps. 


Saponification Number or Value of an oil is the number of mg of KOH 
required to saponify fatty material present in 1 g of the oil. 

Mineral oils, being mixtures of hydrocarbons, do not react with KOH and 
so are not saponifiable. Vegetable and animal oils, however, are mixtures of 
glyceryl esters of fatty acids and so require large amounts of alkali to get 
hydrolysed. Their saponification values are consequently very high and each 
fatty oil has its own characteristic value. 


Significance 
The measurement of saponification value, in the absence of impurities that 
can react with alkali (such as inorganic or organic acids), can be used 
(a) to distinguish between fatty oils and mineral oils. 
(b) to identify a given fatty oil (for fatty oils, saponification value is a 
measure of molecular weight). 
(c) to determine, approximately, the extent of adulteration (if any) in a 
given oil. 
(d) to determine the extent of compounding (fats and oils added to 


©) 
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improve oiliness) in a lubricant. When the type of fatty ingradient in 
a compounded oil is known, its exact amount is given by 


) @ 
Percentage of fatty oil = F X 100 


where C= saponification value of the compounded oil (or lubricant) 
F= saponification value of the fatty oil ? ‘ 5 
Though increases in saponification values of lubricants during use are 3 
the same order as those in acid values, they have not been correlated to the 
extent of deterioration of the oil. 


4.7.1 Determination of Saponification Value of an Oil 


Reagents Required 

1l. Standard hydrochloric acid (N/ 2) 

2. Alcoholic potassium hydroxide solution (N/2) 
3. Ethyl alcohol or Ethyl methyl ketone 

4. Phenolphthalein indicator solution. 


Theory 


A known weight of the sample is mixed with a known excess of standard 
alcoholic KOH solution and refluxed. 


CH:OOC.R CHOH 


CHOOC.R’+ 3KOH —- CHOH + RCOOK +R’COOK + R”-COOK 
| | 


CH,OOC.R” CHLOH (4.15) 


(where R, R’ and R” are alkyl groups) 
The unreacted KOH is titrated back 
phthalein as indicator, 


Potassium salts of fatty acids (soaps) 
with standard acid using phenol- 


OH +H’ — HO (4.16) 


Procedure 

Transfer about 5 g of accura 
resistant conical flask. Add 5 
alcohol or ethyl methyl ketone 


tely weighed oil sample to a 500-ml alkali- 
0 ml of N/2 alcoholic KOH and 50 ml of 
(to act as a solvent) through a pipet. Add the 
same amounts of the solvent and N/2 alcoholic KOH to another flask for 
Blank determination. Fit the two flasks with air condensers (a long narrow 
glass tube) and reflux the contents on a water bath for a minimum period of 
1 hour. Cool the contents slightly, disconnect the condenser and rinse it with 
a small amount of distilled water into the flask. Add 10-12 drops of 
phenoiphthalein inicator and titrate the contents of two flasks with a standard 
solution of HC! (N/2) until the pink colour has just disappeared. 
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Observations and Calculations 

Weight of the sample taken = W g 

Volume of alcoholic KOH added to both the flasks = 50 ml 

Volume of solvent added to both the flasks = 50 ml 

Volume of N/2 HCl used in the sample determination = A m! 

Volume of N/2 HCI used in the Blank determination = B ml 

Then the volume of N/2 HCI equivalent to KOH used in saponifying W g 
of the sample = (B—A) ml 1 

mg of KOH present in (B—A) ml of N/2 KOH = (B—A) X 5 X 56 


Saponification value of the sample = S X 28 
Precautions 
iL, If the room temperature is appreciably high (as in summer months) 


and there is a possibility of loss of vapour to the atmosphere, the air 
condenser should be replaced with a water condenser and boiling 
should be done at a slow rate. 


2. To hasten the process of saponification, the sample flask should be 
occasionally shaken during the reflux operation. A 
ah Ethyl methyl ketone as a solvent should be preferred as it raises the 


boiling point and’ thus hastens saponification. 
4.8 Iodine Value 


Oils and fats, both animal and vegetable, are mixtures of mixed glycerides 
represented by the general formula 


CH200CR 

| 

CHOOCR’ 

| 

CH:OOCR”™ 
and are formed from glycerol and monobasic acids. The acids present in 
combination with glycerol have all even number of carbon atoms (C; to 
C22) and may be saturated and/or unsaturated. Commonly occurring acids 
are: 


Acid Important source 
JI? CısH ;COOH 
palmitic acid Butter, palm oil 
De Ci7H;sCOOH m 
Stearic acid Fats 
3. CH. (CH2). CH=CH. (CH>); COOH Olive oil, palm oi!, 
Oleic acid peanut oil, 
soyabean oil 
4. ` CH;. (CH2). CH=CH. CH3. Cottonseed oil, 
CH=CH. (CH2). COOH linseed oil, 
Linoleic acid Soyabean oil, 


corn oil 
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i5. CH3. CH2. CH=CH. CH2. CH=CH. 

CH,CH=CH (CH2). COOH 

Linolenic acid Linseed oil 
6. CH3. (CH2). CH=CH. CH=CH. CH=CH. 

(CH2). CO.(CH-) COOH 

Eleostearic acid Tung oil 


The combinations having a predominance of short-chain saturated fatty acids 
or long chain fatty atids with a considerable degree of unsaturation are 
liquids at ordinary temperatures and are called oils; while others, that are 
solids at ordinary temperatures, are known as fats. i 

The degree of unsaturation of oils and fats is reported in terms of their 
Iodine Number or Iodine Value (I.V.) which is the number of grams of 
Iodine equivalent to the amount of Iodine Monochloride (ICI) absorbed by 
100 g of the oil. 


Significance 
Each oil has its own characteristic iodine value (varying hetween narrow 
limits), and so the determination of iodine value can be utilised to detect and 
even to determine (though approximately) the extent of contamination in 
any specific oil. : 
Iodine values have been used to classify oils into ahs 
(i) Drying oils—Linseed oil, tung oil, perilla oil, etc., having iodine 
values (I.V.)> 150 $ 
(ii) Semi-drying oils-Soyabean oil, dehydrated castor oil, etc., with 
iodine values between 100 and 150 x 
(i) Non-drying oils-Castor oil, coconut oil, olive oil, etc., with iodine - 
values < 100. © 
Unsaturation confers drying characteristics on oils-when a thin layer of an 
oil with a high degree of unsaturation is spread on a smooth surface and 
exposed to air and light, it takes up oxygen at the double bond sites, and 


gets oxidised and polymerised [through the intermediate formation of pero- 
xides, ‘ 


CHCH, diperoxides, —CH—CH—CH:—CH—CH—, 
| | 

LTR Leas o—o 

hydroperoxides, —CH=CH—CH—, hydroxyketones —Ç— CH etc. 
| 

O OH 


2- 0O 


into a hard, coherent, tough, infusible, cross-linked, resin-like film. The rate. 
of drying and the nature of the film formed depends (in addition to other 
factors like temperature, presence of driers, etc.) on the degree of unsaturation 
or LV. of the oil used. 


Lubricating Oils, Greases and Emulsions 107 


Thus an oil of high I.V. is most suitable for the manufacture of paints and 
varnishes but for an oil to be used as a lubricant, its I.V. should be as low as 
possible so that during use it is not deteriorated to any appreciable extent 
due to oxidation and polymenrisatiqn. 


4.8.1 Determination of Iodine Value of an Oil 


Reagents Required 

1. Standard sodium thiosulphate solution (N/10) 
2. Wij’s solution 

3. Potassium iodide solution (10%) 

4. Carbon tetrachloride or chloroform 

5. Freshly prepared starch solution. 


Theory 

A known weight of the oil is dissolved in CCl; or CHCl; and treated 
with a known excess of Wij’s solution (solution of ICI in glacial acetic acid). 
One molecule of ICI adds on each double bond: 


I Z 
Ye=cl +IcI— >c-C¢ (4.17) 
1 


After the reaction is complete, KI solution is added which is oxidised to I> 
by the unreacted ICI: 


ICTP te Gly (4.18) 


The liberated iodine is titrated with standard Na2S2O; solution using starch 
solution as indicator near the end-point: 


28.0 +h —> SOF + 21 (4.19) 


From the amount of iodine (in the form of ICI) added and that left 
unconsumed, as measured iodometrically, the iodine value of the sample can 
be calculated. 


Procedure 

Transfer 25 ml of CCl; and 25 ml of Wij’s solution each to two 500-ml 
iodine titration flasks. Strain the oil sample through a filter paper to remove 
all the solid material and moisture present in the sample. Accurately weigh 
0.05 - 0.5 g of the sample [weight depending on the I.V. (200-50) of the 
sample] and transfer to one of the two flasks. Close the flasks with glass 
stoppers moistened with a little 10% KI solution. Swirl the flasks to mix the 
contents intimately and keep in dark for about 1 hour at a temperature 
below 30°C. Add 20 ml of KI solution to both the flasks, washing down 
the stopper, and dilute with about 100 ml of distilled water, Titrate the 
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liberated iodine with N/10 Na:S>O; solution. When the coivur of toe 

solution turns light yellow. add about 1 ml of freshly prepared starch 

solution and continue the titration until the first disappearance of blue 
colour. Record the volume of N/10 Na:S:O; solution used in sample ! 
titration as A ml and that in blank titration (without oil) as B ml. 


Precautions . 

(i) Wijs solution should be added with the help of a burette or a 
vacupet. This solution should never be sucked into the pipet with 
mouth. 

(2) The sample and the glassware used must be completely dry. y 

(3) The amount of the sample taken should be such that the Wij’s 
solution added is about 100% in excess of the expected requirement. 

(4) As far as practicable, the addition of solutions (Wij’s solution or KI 
solution) to the two flasks should be simultaneous. 

(5) During titration, the flasks should be frequently stoppered and shaken 
vigorously to ensure complete titration of the iodine present in CCl 
layer. 


Observations and Calculations 

Weight of the oil sample taken = W g 4 

Volume of N/10 Na2S.O; used to titrate excess iodine in sample 
determination = A ml z y 
Volume of N/10 Na:S:O; used to titrate total iodine in blank 
titration = B ml - 
Therefore, volume of N/10 Na:S:0; equivalent to iodine consumed 
by Wg of the Oil = (B—A) ml 

Iodine present.in (B—A) ml of N/10 


iodine solution = (B—A) X 127 x a ak ) 


10710" 
a 1 : 
Therefore, Iodine value — ZA X 127 X 5 a 10° age 
(B=A) 
= ——' x 127 
' WwW 


Exercises 


121. What is the effect of the presence of moisture in th- sample, acetic 
acid or glassware, on the tesi: 

122. Why is the reaction mixture kept in dark? 

123. Why is the glass stopper moistened with KI solution? 


4.9 Emulsions 


Emulsions are dispersions of small droplets of one liquid in another liquid, 


Lubricating Oils, Greases and Emulsions 109 


neither liquid being soluble in the other. They are electrically stabilised by 
Some type of surface active substances known as emulsifiers. When the 
amount of the emulsifier is small, the emulsion is relatively unstable (‘loose’ 
emulsion) and the dispersed droplets coalesce fairly easily to give large drops 
(cracking’ of emulsion). When the concentration of the emulsifier is large, 
-the dispersed droplets are finer and the emulsicn is hard to break (‘tight’ or 
stable emulsion). 

Emulsions are used as lubricants for certain specific jobs: 

(a) Oil-in-water (0/w) emulsions are used as coolants in metal working, 
grinding, boring, turning, cutting, etc., and as lubricants for large 
diesel-motor pistons. i 

(b) Water-in-oil (w/o) emulsions {aiso called Invert Emulsions) are 
used mainly as fire-resistant hydraulic fluids and as compressor and 
pneumatic tool lubricants. 

Depending upon the prospective service, the emulsifying tendencies of an 
oil can be a benefit or a drawback. Fmulsification is advantageous when an 
oil is to he used in presence of water, as in case of steam cylinder oils where 
wet steam is involved and lubrication of the cylinder walls and valve seats is 
maintained by emulsified oil. Therefore, fatty oils which most readily form 
stable emulsions with water are added to straight mineral cylinder oils to 
increase their tendency to emulsify and to stablize the emulsions formed. 

Formation of emulsions in most operations may be Harmful as emulsifica- 
tion increases the viscosity and consequently the coefficient of friction. 
Emulsions have a tendency to collect dirt, grit particles and other foreign 
matter which may cause abrasion and wearing out of the lubricated parts. 
Emulsions may form sludges, insulate coolers, clog oil-lines and filters and 
may even cause corrosion of the metal surface by carrying salts from water 
through the lubricating system and by developing an e.m.f. between the 
bearing and the journal. Emulsions are also ‘deal medium for microbiological 
growth. Since the emulsion formed must be removed, a considerable amount 
of oil is lost. 

These problems can be minimised by using 2 lubricant that would not 
emulsify during use or form only a loose emulsion that readily breaks (Rapid 
water separation reduces the Resting Time required for lubricating oils). In 
steam turbines, condensation of steam leads to the formation of water-in-oil 
emulsion whose Demulsibility (the ability of a lubricant to separate from its 
emulsion with water) depends.on the composition of the oil, the impurities 
left in the lubricant during refining, on the presence of additives, oxidation 
products of the lubricant during its use and other foreign contaminants. The 
tendency to demulsify decreases with the time the lubricant has been in use. 

The demulsibility of a lubricant is reported in terms of the time in which 
an emulsion produced from 40 ml of the sample and 40 ml water (at 
130°F; J80°F for lubricants with viscosities more than 450 SUS) cracks 
(breaks) to give twq distinct layers, when left undisturbed. In case of 
incomplete demulsification at the end of 1 hour, a 3-ml cuff or emulsion is 
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neglected; if it is more, the volume in ml of the oil, water and emulsion are 
reported. Kri 

Steam Emulsion Number (S.E.N.) determines emulsion characteristics result- 
ing from steam condensing in oil. It is the time in seconds in which oil and 
water separate in distinct layers from an emulsion (at 200-203° F) produced 
by bubbling steam into 20 ml of oil until the volume of emulsion becomes 
40 ml. 

S.EN. is useful in defining the demulsibility of a new oil. Exceptionally 
high values during service indicate foreign contamination or malfunctioning 
of some component. 


4.9.1 Water Emulsion Test : a 

In the Water Emulsion Test (United States Steel Method), 40 ml of the oil 
sample are taken in a 100-ml graduated cylinder which is immersed a c 
constant temperature bath maintained at 130° F or 180° F. 40 ml of distilled 
water heated to the temperature of the bath are added slowly to the oil SO as 
to complete the addition in one minute. The mixture is then emulsified by 


stirring for 5 minutes with a paddle rotating at 1500 revolutions per minute. 


After switching off, the paddle is slowly raised out of the cylinder. Simultan- 
eously, a stop watch is started. The cylinder is then allowed to remain in the 
bath at the test temperature. At suitable time intervals, the cylinder is taken 
out only to inspect and is reimmersed in the bath immediately after each 


reading. The results of the experiment are recorded in the following tabular 
from: 


Time in minutes 12345678 9 10 15 20 30 40 50 60 
ml of the oil layer 

ml of the water layer 

ml of cuff or emulsion 

left (intermediate layer) 


Se ee RD IY CIN AB A gee sae N a E 

Precautions 

(1) The graduated test cylinder should be immersed in the constant 
temperature bath at least up to 85-ml mark. ; 

(2) After raising the paddle out of the cylinder, it should be held in that 


Position so as to allow as much of emulsion as possible to return to 
the cylinder. 


4.9.2. Steam Emulsion Number 

In the ASTM Test, 20 mi of the oil to be tested is taken in the ee 
graduated test tube (A) which is suspended in a beaker containing water k 
Emulsifying bath) at an initial temperature of about 70° F. Steam from a 
generator (C) is passed through a delivery tube (D) into the oil (Figure 8). 
The steam jet violently agitates the oil which becomes intimately mixed with 
water (formed by the condensation of steam) and an emulsion is formed. 
The latent heat of condensation of steam raises the temperature of the 
emulsion. Steam is admitted at such a rate (adjusted with the help of pinch 
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cock E3) as to raise the temperature of the emulsion to about 190°F in 
about 1 minute. Steaming is continued till the volume of emulsion in the test 
tube becomes 40+3 ml. At this stage, the delivery tube and the thermometer 
along with the cork are quickly withdrawn from the test tube which is 
rapidly transferred to the other beaker containing water (F-separating bath), 
maintained at a temperature of 200-203°F by bubbling steam from the 
generator. Immediately as the delivery tube is withdrawn, a stop watch is 
started to measure the time. The observations are recorded in the tabular 
from (as in Water Emulsion Test 4.9.1). The time in which the emulsion 
breaks is reported as Steam Emulsion Number of the oil, 


End of delivery tube 
Fig. 8 Steam emulsion number apparatus. 

A—Graduated test tube B—Emulsifying bath 

C—Steam generator D—Delivery tube 
E; E; & E:—Pinch cocks F—Separating bath 

G— Burner H—Tripod stand 

I—Clamp stand Tı Tə & T;— Thermometers 

Precautions 


(1) Before immersing the steam delivery tube into the test tube, steam 
should be passed through the delivery tube until condensation in the 
tube ceases. 

(2) The steaming rate should be so adjusted as to double the volume of 
the contents of the tube in 4-6 minutes. 

(3) The end of the delivery tube dipping into the oil should be cut at an 
acute angle and should rest at the bottom of the test tube so that no 

À portion of the oil escapes agitation. 

(4) A narrow vertical groove should be made in the side of the cork to 
permit the uncondensed steam to escape. 


Note:- The importance of these static tests in industry has considerably 
decreased. They have been replaced with a Dynamic Demulsibility Test 
which measures the 'ability of an oil to separate from water under actual 
circulating conditions and correlates better with practice. 
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Exercises 5 

124. Name some specific lubricants which must have high water separation 
tendency, i.e., low S.E.N. 

125. What steps should be taken in order that a lubricant may possess good 
demulsifying characteristics? 

126. What are ‘Soluble Oils’? 

i27. What are defoamants? Give some examples. 


4.10 Greases 


A grease is essentially a semi-solid to solid combination of a thicknening 
or gelling agent (soap or a mixture of soaps) and a liquid lubricant (petroleum 
oil, fatty oil or synthetic oil). It may also contain other ingradients which are 
added to impart special characteristics. 

Whereas oils move of their own accord, pressure has to be applied to 
greases to make them flow. Thus greases give a higher coefficient of friction 
than lubricating oils; yet they are preferred to oils under the following 
conditions: 


(1) Where the oil is squeezed out due to heavier loads, low speeds, or 
does not remain in place due to intermittent operation or sudden 
jerks. 

(2) Where the design of the machine is such that the parts to be 
lubricated can in no way retain the liquid lubricant, e.g., Open gears, 

(3) Where the lubricant is also required to act as as a seal against the 
entrance of dirt or moisture. 

(4) Where dripping or splashing of oils cannot be 
perparing edible articles, paper, textile, etc. 

(5) Where an oil is seldom added. 

(6) Where frequent lubrication 
(automobile wheel bearings.) 


tolerated, e.g., machines 


, &g., electric motor bearings. 
is either inconvenient or uneconomical 


4.10.1 Consistency ar Mechanical Stability 

Some greases, which on being in service, retain their original hardness or 
softness for a long duration are said to be more consistent than those which 
more readily lose their hardness on being worked. Consistency, as applied to 
a lubricating grease, is thus its ability to resist a change in its stability or 
degree of stiffness likely to be produced by an operating mechanical shear 
(whether in laboratory or in service). Consistency is thus a characteristic of 
plasticity (as viscosity is of fluidity) and represents the ability of a grease to. 
resist deformation under the application of force. 


Penetration Number, Value, Index or Yield Value 
Penetration number with respect to a lubricating grease is the depth (in 
tenths of an mm) that a cone of standard dimensions penetrates Vertically 


into the sample under test, under prescribed conditions of weight (150 g), 
temperature (25°C) and time (5 seconds.) 
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Significance of Penetration Test 

Penetration value of a grease is a measure of its degree of stiffness (i.e., 
whether it is hard or soft). The hardness or stiffness of a grease may vary 
from that of a heavy viscous liquid to that of a stiff solid meass (e.g.. a cake 
of soap). The lower the penetration value, the harder the grease—which 
means pumping of grease is difficult’ and coefficient of friction is more. 
However, the grease can better withstand higher loads at lower speeds. A 
higher penetration number means a softer grease, lower resistance to flow, 
increased pumpability but unable to withstant higher loads and more atten- 
tion will have to be paid to prevent leakage. 

Measurement of penetration member of ‘unworked’ (as marketed—a grease _ 
that has received only the minimum handling in transfer from sample-can to 
test-apparatus and which has not been subjected to the action of a grease 
worker) and ‘worked’ (subjected to standard shear rate with a manual or 
mechanically-operated worker) samples can be utilised to assess the consis- 
tency of a grease, and also to study its gel-fluid reversibility (thixotropic 
nature). It is also used as a control test for product uniformity and serves as 
a basis for dividing greases into different grades. 


4.10.2 Determination of Penetration Number of a Grease 
Procedure 

Using a corrosion-resistant steel spatula, the sample is packed into the 
grease cup taking care to exclude all air. The cup is then placed in a bath 
maintained at 25°C for about cne hour. The surface of the grease is then 
smoothened and brought at level with the edge of the cup by scrapping off 
excess of grease with the blade of the spatula. 

The grease cup is now placed on the levelled table of the heavy base of 
the penetrometer (Figure.9) The standard cone (made of brass and fitted 
with detachable hardened-steel tip) is cleaned and fixed to the holder shaft. 
The holder is then slowly and very carefully lowered so that the cone tip just 
touches, the grease surface. The dial rod is now pressed down so that it 
comes into contact with the holder shaft, fixed vertically below, and the 
reading of the indicator on the circular dial is recorded. By pressing the push 
button, the shaft is released and the cone falls without measurable friction. 
Simultaneously, a stop watch is started. The cone is allowed to penetrate 
into the grease for exactly 5 seconds and then the push button is released. 
The dial rod is now pressed down until it is stopped by holder shaft, and the 
indicator reading on the circular dial is again recorded. The difference in the 
two readings directly gives the distance, in tenths of an mm, through which 
the cone has penetrated into the grease. The test is repeated 2 to 3 times and 
the average is reported as the penetration number of the grease. 


Precautions ‘ $ A 
(1) For perfect positioning of the cone in contact with the grease surface, 


a mirror should be used to remove parallax. 
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(2) 
(3) 


(4) 


128. 


129. 


130. 


x 


Position of cone before drop 


a 


Position of cone after drop 


Fig. 9 Penetrometer. 
A—Leyelling screw: B—Heavy base 


C—Table D—Spirit level 
E—Grease cup F—Standard brass cone 
G—Hardened—steel tip H—Holder 

I—Shaft J—Push button 
K—Dial rod L—indicator 
M—Circular dial 


As far as possible, all air voids in the sample should be eliminated, 

On pressing the push button, the cone must have a free fall, i.e., the 
shaft should move in the holder without any measurable friction, 
Before taking subsequent readings, the cone should be wiped perfectly 
clean and the surface of grease should be smoothened, 


Exercises 


How does the presence of air 
number? 

What will be the effect if the movement of holder shaft is. not 
frictionless? 


Enumerate the important factors on which penetration number of 
a grease depends. 


voids in the sample affect penetration 
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4,10.3 Dropping Point 

Greases, like emulsions, contain stable colloidal dispersions, but when 
thickner used is a soap (soap-based greases), the particles are not spherical 
but crystallites of fibrous shape which result from polymerisation or linear 
aggregation of soap micelles (colloidal soap molecules). The fibres get tangled 
and a three-dimensional interconnected structure results. The oil particles get 
physically entrapped in the interstices of the tangled structure and/or 
adsorbed on the fibres. 

When the temperature of a grease is raised, the interconnected structure 
ceases to exist; the soap is said to have dissolved in the oil, resulting in the 
liquification of the grease. Greases, however, do not have any well-defined 
melting points. The liquification process is therefore more appropriately 
called the softening of a grease. The softening characteristics of different 
greases are compared in terms of their Dropping Points. The Dropping Point 
of a grease is the lowest temperature at which the grease, when heated under 
specified conditions, becomes sufficiently fluid so that a drop will fall from a 
cup having a hole of specified dimensions. 

The dropping point is a qualitative indicator of heat resistance or thermal 
stability of a grease, which depends on the nature of the soap and the fatty 
oil present and, to some extent, on the viscosity of the mineral oil (added to 
adjust the consistency. of the grease). Lime soap greases generally have lower 
dropping points than greases of sodium, lithium or mixed base. The dropping 
point of some greases, particularly those of aluminium soaps, appreciably 
decreases upon ageing. Greases containing saturated fatty acids have higher 
thermal stability. The dropping point can be increased by adding non-soap 
thickners such as carbon black, bentonite, colloidal silica, etc. 


Significance 

Dropping point provides a practical limit of temperature above which a 
grease cannot be used as a lubricant in the semi-solid state. The test is useful 
as a means of identifying greases. In the manufacture of greases, periodic, 
determination of dropping point is used to ascertain the uniformity of the 
finished product. 


4.10.4 Determination of Dropping Point of a Grease 


Procedure 

A chromium-plated brass cup, with an opening of standard dimensions at 
its bottom, is taken and its larger opening is pressed into sample grease until 
the cup is filled and a small amount of grease extrudes out of the smaller 
opening. Excess of grease is removed with a spatula. A wedge of grease, 
shaped into an inverted cone by revolving the cup against the standard 
polished metal rod (provided for this purpose along with the apparatus) 
inserted through the length of the cup, is removed such that only a smooth 
uniform thin film of grease remains on the walls of the cup. 

The cup is now lowered into a pyrex glass test tube with a rim or 
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indeniations near the bottom to Support the cup (Figure 10). A thermometer 
is then inserted through a cork into the tube to such a depth that the tip of 
the bulb is just above the bottom of the grease cup. The assembly is then 
lowered into a heating bath (a glass tub containing a transparent oil and 
fitted with a thermometer and a stirrer). The temperature of the heating bath 
is then slowly raised (electrically) while the stirrer is working. As the 
temperature rises, the grease softens and slowly exudes from the orifice of the 
cup. When a drop of grease gets detached from the bottom of the cup and 
falls into the tube. the temperatures shown by the two thermometers are 


recorded. The average of the temperatures is reported as the Dropping Point 
of the grease sample 
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Fig. 10 Dropping point apparatus. 


A — Chromium plated brass cup B—Pyrex glass test tube 
C— Cork D—Stirrer 

E—Glass tub F—Transparent oil 
G—Heating coil 


Tı —Test thermometer 
T2 —Bath thermometer 
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Precautions 


(1) 


The grease film on the walls of the cup should be as thoroughly 
aniform as possible. 


(2) ‘The thermometer bulb should not touch the grease. 

(3) The bulbs of the test thermometer and bath thermomter should be, as 
far as possible, at the same level. 

(4) Initial heating may be fast (at a rate of about 5°C per minute) but when 
the temperature of the bath is about 15°C below the expected 
dropping point. the heating rate should be so reduced that the two 
thermometers show a temperature difference of less then 2°C. 

(5) The temperature should be recorded when the grease drop completely 
separates from the bottom of the cup, i.e.. if the drop has a tailing 
end, it should break completely. 

Exercises 

_.131. What is meant by bleeding of a Grease? 

132. What are Smooth or Fibrous Greases? Give one example of a 
Fibrous Grease. ; 

133. What is Petrolatum? 

134. What is meant by a complex soap? 

135. What is the effect of complexing agent on the diopping point of a 


grease? 


5 
Se eee 
Coal 


Coal is a primary fuel, a highly carbonaceous matter formed from fossilised 
remains of plants [consisting mainly of cellulose (CsHi00s), and lignine, a 
natural plastic binder with approximate formula (CoH 1303),, with small 
amounts of resins, fats, waxes and water]. The early Stages of transformation 
(millions of years ago) may have been brought about by the slow action of 
anaerobic bacteria on vegetable debris from vegetation. under water-logged 
conditions, resulting in the evolution of CO, and methane, loss of water; and 
the acidic and humic substances 


2(C6H 1005), —> nCgH 100; + 2nCO, + 2nCH, + nH2O (5.1) 


humic substance 


formed being absorbed by resistant woody tissue, Further degradation, result- 
ing in loss of water and volatile matter, was possibly brought about by the 
combined action of heat and pressure—the depth of burial and the time 


(i) Proximate analysis 
(ii) Ultimate analysis, 


5.1 Proximate Analysis 


It is the determination of (a) Moisture content (b) Volatile Matter (¢) 
Ash content and (d) Fixed carbon. The analysis is consumer oriented and 
empirical in nature. The results vary with the procedure adopted and have 
no absolute significance. However, when the analysis is carried out in 
accordance with standard specifications (British Standard or American Society 
for Testing and Materials, ASTM), it gives Teproducible results which are 


essential to assess the Suitability of the fuel for a Particular domestic or 
industrial use. 
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5.2 Moisture Content 


Moisture which is lost on air-drying is called Surface, Adsorbed or Free 
Moisture. Amount of free moisture is widely variable and depends on factors 
like the treatment given to the coal, the extent of subsequent drying. the size 
of the coal lump, rank of the coal and the nature of its surface. Free 
moisture is disadvantageous to the extent that 

(i) Water is bought and transported at the fuel price 
(ii) It does not add to the fuel value 
(iii) A considerable amount of heat is wasted in evaporating the mois- 
ture during combustion (0.1% loss for every 1 per cent of moisture) 
(iv) Handling of coal may. become difficult due to excessive free 
moisture. 


However, coals containing 5 to 10% evenly distributed free moisture have 
been reported to 
(i) Improve the yield and quality of metallurgical coke formed 
(ii) Produce a more uniform fuel bed 
(iii) Reduce the amount of ‘fly ash’. 


Inherent Moisture is the moisture that is retained by an air-dried coal. It 
decreases with increasing rank and is a rough indicator of the maturity (age 
or degree of coalification) of coal. Coals with high inherent moisture are 
easily oxidised in air and therefore are liable to spontaneous combustion. 


5.2.1 Determination of Inherent Moisture of a Coal/Coke sample 

If the coal/coke sample appears to be wet, spread it on tared pans, weigh 
and air-dry at room temperature or in the moisture oven at 10 to 15°C 
above room temperature until the difference in weight between two weighings 
five hours apart is not more than 0.5%. The loss in weight gives free 
moisture. Quickly crush and grind the sample, in an air-tight ball mill, to 
pass through a No. 60 mesh (ASTM), Transfer approximately 1 g of this 
sample to a porcelain or silica capsule (%” in depth and 134” in diameter) 
with aluminium cover or a platinum crucible (previously heated, to a 
temperature at which the sample is to be dried or ignited, and weighed), 
close with a tightly-fitting cover and weigh. Remove the cover, place the 
capsule or the crucible in an oven having uniform temperature in all parts 
and preferably a provision for dry air circulation maintained at a temperature 
of oe 10°C for exactly 1 hour. Replace the cover, cool in a desiccator and 
weigh. 


Precautions 

(1) All the operations after air-drying should be performed quickly to 
prevent moisture change. 

(2) To prevent oxidation of low-rank coals by air, inherent moisture in 
their case should be determined in an atmosphere of nitrogen. 
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Observations and Calculations 

Let the weight of empty. capsule or crucible =Ag 

Weight of capsule (or crucible) + sample, before drying = B g 

-Weight of capsule (or crucible) + residue, after drying = C Z 
BEE 

Inherent Moisture Content = DEA 


The sum of the weight loss on air-drying and inherent moisture gives 
Total Moisture Content. If a coke sample is dried to constant weight 
between temperatures 105-200°C, without any preliminary crushing, the loss 
in weight on percentage bases gives the total moisture content within an 
error of 0.5% 


XxX 100% 


5.3 Ash Content 


The useless and non-conbustible inorganic maiter that is left after burning 
off the organic matter in coal is known as Ash. 


Free or Extraneous Ash arises from 


(i) Ankerites and cleats (usually composed of CaCO; & FeCO, along 
with some MgCOs) deposited. inside the cracks and along joint 
planes in the matured coals, frou: mud or water that percolates 
through the coal beds, 


(ii) Sedimentary materials (slate, clay, pyrites, etc.) deposited simultan- 


eously with the coal-forming material and present in definite 
layers in the coal, and 


Gii) Sand and clay mixed with coal from the roof and floor of the 


process (hand picking, washing, etc.). 


Inherent Ash (oxides of Na, Mg, Ca, K & Si) arises from the mineral matter 


originally present in the cellulosic plant debris from which coal was formed. 
It rarely amounts to more than 2%. . 


Adventitious (Non-essential) mineral matter (clayey or silicious) present in 
mud or water in contact with the decomposing vegetation (during the 
anaerobic decay state) gets intimately mixed with coal or is present as dirt 
bands alternate with purer coal layers. The amount of adventitious ash varies 
widely and may go upto 10%. The inherent and adventitious’ mineral matter 


connot be removed by cleansing operations and together constitute what is 
known as ‘Fixed Ash’ 


Significance 
Ash reduces the heating value of coal. There is a heat loss of about 1.5% 
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for each 1% ash present in coal. It increases transportation, handling and 
storage costs. The furnaces may have to be shut down for the removal and 
disposal of ash and increased labour costs are involved. 

The chemical composition of ash, which is determined by the usual 
methods of analysis, differs form coal to coal and ususlly varies between the 
following limits: 


Constituent % Constituent % 
SiO: 40-60 MgO 0.5-5 
AlO: 20-40 TiO: 0-3 
Fe:0; 2-25 Na:0. +K:0 1-6 
CaO 1-15 SO, 0.2-15 


As coal (or coke formed form it) is used as a reducing agent in several 
metallurgical operations, the composition of the ash affects the slag and 
metal composition and its characteristics, and is the most important factor 
governing the selection of a proper flux. 

The fusion temperature of.ash is of considerable importance and is closely 
related to its composition. In general, it has been found that ash containing 
Al,O; and SiO, in the ratio in which they are present in pure dehydrated 
clay AbOs. 2SiO2 (45.8% AlO; + 54.2% SiO, by weight) is the most 
infusible (called refractory ash), and the fusion temperature decreases with 
increasing proportion of basic oxides like Na2O, K2O, MgO, CaO and FeO. 

If the ash has low softening temperature, it fuses when coal is burnt on 
grates, and lumps of ash (called ‘clinker’) get deposited on the fire bars. This 
blocks the grate holes and spaces between coal particles; passage of air 
becomes irregular and restricted, and uneven heating takes place. This leads 
to increased clinkering. Clinker removal from grates is very difficult and 
laborious. Some coal particles may get embedded in the clinkers and escape 
combustion, thus leading to loss of fuel. Melted fly ash may be deposited on 
boiler tubes restricting heat transfer. 

Molten slag from low melting ash penetrates into the pores of the refractory 
lining of the boiler or the furnace. Difference in the coefficients of expansion 
and contraction of the slag and the refractory material causes Spalling of the 
refractory lining thereby reducing its life. ; 

Presence of some high melting ash is, however, necessary to protect the 
grates (in steam generation, producer gas and water gas manufacture) from 
direct contact with incandescent coal, which might cause oxidation of the 
grate bars. 


5.3.1 Determination of Ash Content of a Coal/Coke sample 


Procedure mS 

Place the porcelain/silica capsule or platinum crucible containing dried 
coal (from the inherent moisture test), without cover, in a muffle furnace at 
a low temperature and gradually raise the temperature to 700°C. Stir the 
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residue with a platinum or nichrome wire (to hasten ignition) and ignite for 
half an hour at a temperature between 700 and 750°C. Moisten the Tesidue 
with a drop or two of alcohol. If black particles appear (due to the presence 
of unburnt carbon), continue ignition for another: {5 minutes, Cool in a 
desiccator and weigh. Repeat the process of ignition, cooling and weighing 
until the difference in weights between two successive weighings is less than 
1 mg. 

For tests on coke, heat the capsule or crucible containing dried coke in a 
muffle furnace or over a burner to redness. Finish the ignition to constant 
weight (+ 1 mg) at a temperature between 900 and 950°C. 


Precautions , 

(1) To avoid mechanical loss due to rapid expulsion of volatile matter, 
the temperature should be raised at a slow rate. 

(2) For coals containing high percentage of calcite and pyrite, reproducible 
results are not obtained because of the varying amounts of sulphate- 
sulphur being retained in the ash. To overcome this difficulty, the 
sample is heated at a lower temperature (~500°C) for a longer 
duration of time which ensures complete oxidation and expulsion of 

’ pyrite sulphur before the decomposition of calcite takes place when 
the temperature is raised to 750°C. 


Observations and Calculations 


Weight of empty and previously ignited capsule or crucible =Ag 

Weight of capsule + air dried sample =Bg 

Weight of capsule + oven dried sample =Cg 

Weight of capsule + residue, after ignition =D g 

Ash content (Air dry basis) = 2- A X 100% 

Ash content (Oven dry basis) SODA X 100% 
CEA $ 

Exercise 


135. What is meant by ‘corrected’ and ‘uncorrected’ ash? 


5.4 Volatile Matter 


When coal is heated gradually in thi 
occluded gases escape first. As the tempe 
H:S and some unsaturated hydrocarbons, 
position of coal begins and continues with 
by evolution of large quantities of gas and 
hydrocarbons. Around 700°C, the amoun 


e absence of air, moisture and 
rature rises, there is evolution of 
At about 350°C, active decom- 
rise in temperature, accompanied 
tarry vapours Consisting mainly of 
t of hydrogen in the evolved gases 
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increases. Hydrogen is the major constituent of the gases liberated at higher 
temperature. 

The volatile matter expelled thus is not present as such in coal but results 
from thermal decomposition of the coal material. The total amount of the 
volatile matter evolved and its composition depend, in addition to the quality 
of coal, on the temperature, rate of heating and the time for which heating is 
continued. For comparable results, therefore. conditions specified by ASTM 
are generally followed. 

Volatile matter is the percentage loss in weight of coal (minus % of 
moisture) when it is heated in the absence of air for exactly 7 minutes at 
950 + 20°C, in a crucible of standard dimensions. 


Significance 

The volatile matter of coals may consist of combustible gases (like CO, 
Hə, CH, and other hydrocarbons) and incombustible gases (like CO, and 
N2). The presence of incombustible gases is always undesirable as they do 
not have any heating value. Volatile matter of coals may be as high as 50% and 
when such coals are burnt, a large proportion of the fuel distils over as gas 
or vapour which burns with the production of flame. Coals with high 
volatile matter will therefore burn with long smoky flames, the smoke 
causing pollution of the environment. The calorific intensity of such coals is 
less since the heat produced is distributed over large space. Such coals are 
therefore not suitable for production of steam where intense heat is required. 
Coals with high volatile matter are, however, suitable for manufacture of 
coal gas, particularly when the recovery of by-products is desired. 

For complete combustion of the large volatile matter, secondary air will 
be required and the volume of the furnace will have to be increased to 
prevent the escape of unburnt vapours which otherwise will lead to loss of 
heat. The furnace design therefore depends on the volatile matter. 

Whereas it is very easy to ignite a coa! with a high volatile matter, 
burning of low volatile coals necessarily requires forced draft; its intensity 
increasing with decreasing volatile matter. 

Caking quality of coal varies with its volatile matter. Coals containing 
volatile matter between 20% and 30% are most suited for the production of 
metallurgical coke. Coking power decreases with increase or decrease of 
volatile matter and coals having less than 14% volatile matter have no caking 
tendency. 


5.41 Determination of Volatile Mattar of a Coal Sample 


Procedure 
Weigh exactly about | g of the sample in a previously dried (at 950 + 
20°C) and weighed platinum crucible (diameter 2.5-3.5 cm, height 3-3.5 cm, 
capacity 10-20 ml) with a closely fitting lid which has a vent for the escape 
of volatile matter. Spread the sample evenly, close with the lid and place in 
a muffle furnace maintained at 950 + 20°C and shut the door. After heating 
\ 
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for exactly 7 minutes, take out the crucible and first bring down its tempera- 
ture rapidly (to avoid oxidation of the contents) by: placing it on a cold iron 
plate and then transfer the warm crucible to a desiccator to bring it to room 
temperature. Take the final weight of the crucible and the contents. 


Precaution. 

If ‘Sparking’ (mechanical loss due to suddenly heating the sample) is 
observed, the sample-containing crucible should first be heated to raise the 
temperature to 600 + 50°C in 6 minutes, followed by heating for exactly 6 
more minutes at 950 + 20°C. 


Observations and Calculations 
Let the weight of empty crucible =Ag 
- Weight of crucible + sample, before heating = Bg 
Weight of crucible + sample, after heating =Cg 
% volatile matter See X100—% weenie 
B-A 4 


5.5 Fixed Carbon 


The residue, remaining after the volatile matter of coal has been expelled, 
contains the mineral matter originally present and the non-volatile or ‘Fixed’ 
carbon. The fixed carbon in coal is thus calculated as follows: 


% Fixed carbon = 100— (% moisture + % ash + % volatile matter) (5.2) 
‘Fixed’ carbon varies inversel 


carbon “ascertains 


wing empirical relation-ship (Goutel formula) 
holds true for high ranking coals: 


Q = 82XFC+aXVM 


(5.3) 
where Q = calorific value of coal (cals/g) 
FC = % of fixed carbon 
VM = % of volatile matter 
and a = a factor that depends on the nature of volatile matter and its 


value decreases with rise in volatile matter, 


Exercise 
136. (i) 2.5 g of a coal sample was taken in a silica crucible weighing 
19.35 g. After heating in an electric oven at 105-110°C for 1 
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hour, the crucible weighed 21.765 g. The residue was then 
ignited at 770-750°C to a constant weight when the crucible 
weighed 19.595 g. 

(ii) In another experiment, 2.5 g of the same sample was heated 
in a silica crucible (weighing 19.345 g), covered with a 
vented lid, at a temperature of 950 + 20°C for exactly 7 

rA minutes. After cooling, the crucible weighed 20.873 g. 

(iii) Calculate the percentage of fixed carbon and the calorific 

value of coal using Goutel’s formula, value of a being 80 


5.6 Ultimate Analysis 
It is the determination of carbon, hydrogen, nitrogen, sulphur, phosphorus, 


ash and oxygen (by difference) in coal. The analysis is exact and helpful 
(1) In calculating the calorific value of coal by Dulong’s formula 


Gross or Higher = x [8080C + 34460 (H 2 ) + 2240S] Kcal/kg 


Calorific Value (5.4) 
(H.C.V.) 9 
& Lower Calorific = H.C.V. — —~ HX 587 Kcal/kg (5.5) 
Value (L.C.V.) tog 
where C, H, O and S represent the percentage of the respective 
elements. 

(2) In calculating the amount of air required for perfect combustion of the 
coal and 


(3) In ascertaining whether a particular coal can be used in matallurgical 
operations or not. 


5.7 Carbon and Hydrogen 


Carbon being the major constituent of coal, its amount determines, to a 
large extent, the calorific value of the coal. Also, the carbon content increases 
with the degree of alteration in the natural coalification process (wood ~ 
50%, peat 50-60%, lignites 60-75%, bituminous 75-92%, anthracite 92-98%). 
The percentage of carbon is therefore an important factor in assessing the 
rank and age for classifying coals. Coals with high carbon content usually 
require a small combustion chamber although there is no direct relation 
between the two. 

The percentage of hydrogen in coal (3-6%) depends to a large extent on 
the hydrogen content of the original vegetable matter (3.5-8%) and to a small 
extent on the degree of transformation. Hydrogen content has a large 
bearing on the ‘calorific value of the coal because the heating value of 
hydrogen per unit weight (34460 k cal/kg) is more than four times the 
heating value of carbon (8080 k cal/kg). However. a small part of this heat 
is lost in evaporating the water formed form the combustion of hydrogen. 
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Hydrogen is mostly associated with volatile matter of coal and therefore has 
a bearing on the size of the combustion chamber and to some extent on the 
suitability of coal for a specific use or purpose. 


Principle of Determination ) 
Carbon and hydrogen are determined by burning a weighed quantity of 
coal, in presence of CuO, in a stream of oxygen free from moisture and 


CO). The carbon and hydrogen of the sample are converted into CO: and 
HO: 


C+O: > CO (5.6) 
2H ++ 0: — O (5.7) 


After complete oxidation and purification from interfering substances, the 
products of combustion are passed first through a water absorbing unit and 
then through a CO- absorbing unit. The increase:in weights of these units 
gives respectively the weights of H:O and CO; formed from which the 
percentage of hydrogen and carbon present in the sample can be calculated: 


2 Y weight of H20 formed 


o = 
@ Hidtogen 18 weight of coal burnt ‘See! (5.8) 
: 12, weight of CO, formed 

“C y à 

ED 44% weight of coal burnt aaoo 62) 


5.8 Sulphur in Coal 


Sulphur content of coals generally varies from 0.5 to 3%, 
exceptions of higher amounts. It occurs Principally in two forms: 


(a) As iron pyrites (occasionally as gypsum, CaSO,. 2H;0, also), mixed 
along with coal, most of which can be removed by 


with some 


( i) hand picking from larger sizes of coal, and 
(ii) gravity separation by washing smaller sizes of coals with water, 
(b) As organic sulphur Compounds forming part of the Coal itself. The 
organic sulphur usually 
(i) ranges from 0.5 to 0.6%. 


(ii) is almost uniformly distributed throughout the coal material, and 
(iii) can not be removed by ‘cleansing’ Operations, 


Significance 
Although sulphur does have some he. 


ating value (2240 k cal/k SO; and 
SO; formed during the combustion of Speed 


sulphur-containing Coals are extremely 
4FeS. + 110, — 2 FeO: +8 SO, (5.10) 


CaSO, $ CaO + SO; (5.11) 
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CaSO, + SiO» (usually present 
in coals in small amounts) 2! CaSiO; + SOs (5.12) 


harmful. The gases cause environmental pollution and in moist atmosphere 
produce acids (H2SO; and H»SO,;) which cause corrosion of the metallic 
equipment around. 

We can have an idea of the pollutional hazards from the fact that sulphur 
oxides equivalent to 3 tons of concentrated H2SO; are discharged daily into 
atmosphere by a small Thermal Power Plant burning per day 100 tons of a 
coal that contains only 1% sulphur. 

When sulphur-containing coals are carbonised, 20-30% sulphur passes into 
coal gas in the form of H:S, CS, and thiophene from which only H2S is 
remoyed before the gas is supplied for domestic purposes. 

Most of the 70-80% sulphur retained in coke (present partly as FeS, CaS 
or elemental sulphur) is oxidised to SO: when coke is burned and escapes to 
atmosphere. A part of FeS that escapes oxidation under mildly reducing 
conditions might fuse and lead to clinkering problem. When such cokes are 
used for metallurgical purposes, some sulphur might get mixed with metals 
and adversely affect their characteristics. Presence of sulphur in the coal used 
in ceramic industry adversely affects the product characteristics. 

Rapid oxidation of iron pyrites present in coals exposed to air may lead to 
disintegration of the coal lumps thereby exposing fresh and easily oxidisable 


2FeS: + 7 O: + 2 H0 — 2 FeSO; + 2 HS0; (5.13) 


coal surface. Presence of iron pyrites is thus one of the factors responsible for 
spontaneous ignition of coal samples when exposed to air. 


5.8.1 Determination of Sulphur Content of a Sample of Coal 


(a) Eschka Method 


Reagents Required 

(1) Barium chloride solution (5%) 

(2) Bromine solution (saturated) 

(3) Concentrated hydrochloric acid 

(4) Dilute hydrochloric acid 

(5) Sodium hydroxide solution (SN) 

(6) Methyl! orange indicator solution 

(7) Silver nitrate solution 

(8) Eschka-Mixture-Thoroughly mix 2 parts by weight of sulphur-free 
MgO with 1 part by weight of sulphur-free anhydrous Na2CO; and 
grind to pass through an ordinary flour sieve. 


Theory 
A known weight of powdered coal is fused with Eschka-mixture in 
presence of air. The sulphur in coal is oxidised to SO which is absorbed by 
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Eschka-mixture to produce the Corresponding sulphites: 


S+ O2 — SO, (5.14) 
MgO + SO. — MgSO; (5.15) 
NaCO; + SO. — NaSO; + CO, (5.16) 


The sulphites are extracted with water and oxidised to sulphate using 
bromine water 


SO} + Bn + HO — SOX + 2H' + 2Br (5.17) 


-On adding barium chloride solution to the slightly acidified extract, the 
sulphate is precipitated as BaSO; which is filtered, washed, ignited and 
weighed. 


SO; + Ba — Baso, (5.18) 


From the weight of BaSO,, the percentage of S in coal can be calculated as 
follows: 
32 weight of BaSO, 


ee 233 4 weight of coal AEO (19) 


Procedure 

Transfer about 1 g of accurately weighed coal Powder (60 mesh) to a 
silica, porcelain or platinum crucible. Add about 3 g of Eschka-mixture, mix 
thoroughly and cover with about 1 g more of Eschka-mixture, Place the 
crucible in a slightly slanting position in a muffle furnace at room temperature 
and heat gradually so as to raise the temperature to 850+50°C in about 1 
hour. Continue heating at this temperature for another 1 hour with occasional 


and keep the solution hot, below its boiling temperature, 
beaker on a low temperature hot plate for 1 hour. 

Filter, by decantation, through a whatman filter 
the precipitate to the filter Paper and wash 


Hold the moist filter paper around the Precipitate, loosely to avoid spatter- 
ing. and place it in a clean platinum, porcelain or Silica crucible (previously 
ignited to a temperature of about 900° C, cooled in a desiccator and weighed). 
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Cover the crucible with lid loosely to permit free access of air, place in a 
slightly inclined position in a cold muffle furnace and gradually raise the 
temperature to dry and smoke off the paper. Then raise the temperature to 
above 900C and ignite to constant weight. Cool in a desiccator and weigh. 
Run a blank using the same amounts of reagents as in the regular determina- 
tion. 


Precautions 

1. The reagents used must be sulphur-free. 

2. The sample should be heated with Eschka-mixture at a low heat in the 
beginning to avoid rapid expulsion of the volatile matter which may 
lead to 
(i) mechanical loss due to decrepitation, and 
(ii) incomplete absorption of SO2 by Eschka-mixture. : 

3. A jet of hot water from a wash bottle may-be used to aid the transfer 
of the precipitate to the filter paper. Any precipitate sticking to the 
walls of the beaker or to the glass rod may be loosened with a 
‘policeman’. 

4. To avoid reduction of the BaSO; precipitate by carbon of the filter 
paper during ignition, the paper should be 

BaSO, + 4c 2 Bas +4 CO, (5.20) 


charred first at slow heat, without inflaming, and then the carbon 
should be slowly burnt off at a low temperature in free access of air. 


Observations and Calculations 


Let the weight of coal sample taken =Wg 
Weight of BaSO, obtained form 
coal sample =Ag 
Weight of BaSO; obtained in 
‘blank determination =Bg 
z ney (A — B) 
% S in the sample = 33 x EA X 100 (5.10) 
Exercises 


137. Why is the precipitation of BaSO; carried out in a medium made 
only slightly acidic with HCI? 

138. What is Coprecipitation? How can the error due to coprecipitation of 
Ba(NO;)2 and BaCh be avoided ? 


5.9 Nitrogen in Coal 


Nitrogen content of coals generally varies between the limits 1-1.8% and 
comes from the proteins present in the parent vegetable matter. It has no 
calorific value and so its presence in coal is undesirable. If the combustion 
results in a very high temperature (as in Thermal Power Stations), a part of 
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nitrogen is converted into its oxides which escape along with the flue. Bases 
and cause atmospheric pollution. During carbonisation, nitrogen of coal is 
converted to NH; which can be recovered from the volatile matter (coal gas) 
by scrubbing with water or dilute H>SO;. 


5.9.1 Determination of Nitrogen in a Coal sample (Kjeldahl Gunning 
method) 


Reagents Required 

Standard sulphuric acid (N/ 10) 

Standard sodium hydroxide solution (N/10) 
Sodium hydroxide solution (50%) 
Concentrated sulphuric acid 

Potassium sulphate 

Anhydrous copper sulphate 

Sucrose 

Methyl red indicator solution 

Red litmus paper. 


DONDAN AWN = 


Principle 

A known weight of powdered coal is digested with concentrated H>SO, in 
Presence of K>SO; (to raise the boiling point of H»SO, and thus help in 
digestion) and CuSOs, selenium powder or CuSeQ;. 2H>O (to act as 
catalyst). The nitrogen in coal gets converted into ammonium sulphate 


2N + 6H + HSO; —> (NH4) SO, 


As the solution becomes Clear, it is treated with excess 
and distilled when NH; gas is evolved: 


(5.21) 
of NaOH or KOH 


(NH.):SO, + 2 KOH — 2.NH, + K.S0,+ 2140 


The ammonia so libetated is absorl 
excess) of standard sulphuric acid: 


(5.22) 


bed into a known volume (present in 


2NH; + HSO, —> (NH;)> SO, 


and the unused acid (excess 
using methyl red indicator: 


(5.23) 


) is back titrated with standard NaOH solution 


H’+ OH — HO 
The percentage of nitrogen in coal js calculated as follows: 


% y = Mlof acid used X normality of acid X 1.4 
DGS ea (5.25) 


Procedure 


(5.24) 
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2H2O) followed by 25 ml concentrated H>SO, along the sides of the 
Kjeldahl’s flask to wash down any powder sticking to the neck or the sides 
of the flask. Close the flask with the loose glass stopper and shake to mix the 
contents. Place the flask in an inclined position and heat gently below the 
boiling point of the solution. until the initial frothing ceases. Then raise the 
temperature to the boiling point of the solution and continue the digestion 
for at least two hours after the contents of the flask have become almost 
colourless. 

Then cool the Kjeldahl’s flask and transfer its contents to a round-bottom 
distillation flask. Wash the Kjeldahl’s flask well with distilled water and 
transfer the washings to the distillation flask so that the total yolume of the 
contents of the distillation flask are about 300 ml. Add a few chips of red 
litmus paper and fit the flask with a thistle funnel and a Kjeldahl’s trap (to 
prevent splashing of the alkaline solution to the condenser during heating). 
Connect the Kjeldahl’s trap to a condenser whose other end dips in 50 ml of 
N/10 H2SO; taken in a conical flask. Through the thistle funnel, add 
concentrated NaOH solution until the contents of the flask are distinctly 
alkaline, as evidenced by the change in colour of the litmus paper from red 
to blue. Distil the contents of the flask for about one hour; maintaining the 
solution alkaline throughout. Discontinue boiling, and disconnect the flask, 
when the volume of the distillate in the conical flask becomes about 200 ml, 
and wash down the condenser with distilled water into the conical flask. 
Add 3-4 drops of methyl red indicator and’ titrate with N/10 NaOH until 
the colour changes from red to yellow and record the volume of acid used as 
A ml. Make a blank on 1 g of sucrose using the same amounts of other 
reagents as in the estimation on coal and record the volume of N/10 alkali 
used as B ml. 


Precautions 

(1) All the reagents used must be nitrogen-free. 

(2) Before transferring the digested solution to the distillation flask, the 
Kjeldahl’s flask should be cooled under tap. Also, dilution of the 
solution in distillation flask should be slow with shaking and cooling. 

(3) To prevent bumping during distillation, a few porcelain chips or glass 
beads or about 1 g granulated Zn should be added. 

(4) The solution in the distillation falsk should be kept only moderately 
alkaline throughout. A considerable excess of NaOH often causes 
excessive frothing. 

(5) When the solution froths excessively, a pea-sized piece of paraffin wax 
should be added to control it. 

(6) To prevent back suction, the tube of the condenser, dipping in standard 
acid solution, should end in the shape of a funnel. 


Observations and Calculations 
Let the weight of coal taken 


we 
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Volume of N/10 NaOH used in Blank 


=amount of acid taken) = Bm 
Volume of N/10 NaOH used in sample 
determination (=amount of acid left unused) = Aml 


Todts Ano of acid neutralised by NH, = (B — A) ml N/10 H>SO, 
= (B — A) ml N/10 NH; solution 


Ze AN x X 17g NH; 


10 1000 
= (B A) X 0x10 X 17X47 8N 
(B — A) X 14 100 (B — A) X 1.4 1 
5 = = pes 
Therefore, % N 10 X 10° xX = = x 10 (5,25) 


Exercises 3 

139. Why is it necessary to add sufficiently large amount of concentrated 
HSO; during digestion? 

140. What modification in the procedure is required if HgO or Hg is used 
as a catalyst during digestion with H>SO,? 

141. How does addition of granulated zinc prevent bumping? 


5.10 Oxygen Content of Coal 

With the increase in the degree of transformation fro 
the percentage of oxygen regularly decreases (wood = 35-43%; peat = 30- 
40%; lignites = 20-30%; bituminous = 5-20%; 
of the coal is therefore related to the 


calculated by deducting the co bi 
from 100. i a FORA Sac c H, N, S and ash 


% Oxygen = 100— percentage of (CtH+N+54 Ash) (5.26) 
Exercises 
142. (a) A sample of coal containi 
follows aming C, H, N, S and O was analysed as 
(i) 0.24 g of the sample o 4 
0.0216 gof 0, MPUstion gave 0.792 g of CO; and 


(li) 1.4 g of the sample was Kj i 
l jeldahlised and the ia li 
was absorbed in 50.0 ml of N/10 H>SO,. The featurette 
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required 10.0 ml of N/10 NaOH for complete neutralisation. 

(iii) 3.2 g of the sample was analysed by Eschka method and gave 
0.233 g of BaSOy. 
Using Dulong’s formula, calculate the Gross and Net calorific 
value of the coal. 

(b) Of the two types of Coal Analysis-Proximate and Ultimate-which 
one is more useful and why? 


5.11 Combustion of a Carbonaceous Fuel—Flue Gas 


When a fuel is burnt in air, the carbon and hydrogen of the fuel are 
converted into CO: and H20 as per the following equation: 


C,H,.O- + (x + y/4—2/2) 02 — x CO: +*/2k20 (5.27) 


and heat is liberated. The mixture of the gases which comes out of the 
furnace (combustion chamber) is known as Flue Gas. If the theoretical 
amount of air (containing exactly the same amount of Oz as is required in 
accordance with the above reaction) is supplied and the combustion is 
complete, the flue gas consists of (in addition to water vapour) CO. and No. 
However, it is not possible to complete the combustion with the theoretical 
amount of air, and either a part of fuel escapes combustion or incomplete 
combustion of C to CO stage takes place. The flue gas, therefore, may 
contain small amounts of CO and/or hydrocarbons (C,H,). Escape of these 
gases (CO and C,H,) to the atmosphere causes environmental pollution. 
Also, a part of the total heat, that could be available from the fuel, is thus 
lost. On the other hand, if a large excess of air is used, the flue gas also 
contains this unused extra oxygen supplied. Also, a large excess of air added 
lowers the flame temperature (calorific intensity) and carries away a lot of 
sensible heat. 

Hence for efficient utilisation of beat available from a fuel, an optimum 
amount of air should be supplied. This amount cannot be theoretically 
computed. Other factors that affect efficient combustion are intimate mixing 
(or contact) of air and fuel and sufficient time to allow completion of 
combustion (governed by rate of combustion). Both these factors depend on 
the furnace design. 

Whether efficient combustion is taking place or not is determined by the 
actual amounts of CO, O» or other hydrocarbons present in the flue gas. 
Hence the analysis of the flue gas is of prime importance. 

A large excess of CO in the flue gas indicates incomplete combustion, 
which means amount of air supplied is not sufficient. A large excess of O» in 
the flue gas indicates that air supply is much in excess. If both CO and O2 
are simultaneously present in the flue gas in appreciable amounts, combustion 
is incomplete, irregular and non-uniform, and improvement in the design of 
the combustion chamber, furnace-or engine is required. 
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5.11.1 Determination of the percentage of CO, CO, O» and N» in a Flue 
Gas (or Automobile Exhaust) by Orsat’s Apparatus. 


Principle 

A measured volume of the gas to be analysed is taken in a graduated 
burette which is connected through a capillary manifold to a series of pipets 
containing solutions of suitable absorbent reagents. The gas is successively 
forced through these solutions in a specific order. Each reagent removes a 
single constituent from the sample. The decrease in volume of the flue gas 
sample in each step gives the volume of the constituent Temoved in that step. 


Solution of Absorbent Reagents 
(i) Absorbent for CO; is a solution of 300 g of KOH pellets in one litre of 
distilled water prepared by stirring with a glass rod. The solution is stored in 
a rubber stoppered glass bottle and is decanted before use. When the gas 
sample is led into this solution, CO> content is retained by the solution as 
per the following reaction: 

2KOH + CO, — KCO; + H:O (5.28) 
(ti) Absorbent for O, is prepared by adding 80 g of pyrogallol crystals to 
500 ml of KOH solution [prepared in (i)] in a glass-stoppered bottle kept in 
a cool place till dissolution is complete. When the gas sample is forced into 
this solution, the oxygen content is used up in oxidising pyrogallol. 
(iii) Absorbent for CO is a solution of 75 g of CuCl; in 600 ml conc. HCI 
and 400 ml distilled water stored in a glass bottle containing copper turnings 


or wire. CO of the gas sample, when it is passed through this solution, is 
retained in the form of a complex: 
CuCl, + 2CO + 4H20 —> 2Cu(CO)CI:2H;,0 (5.29) 
Sometimes the gas sample, after the major portion of its CO content has 
been absorbed by acid cuprous chloride, is passed through another pipet 
containing Cuprous Sulphate.-8-Naphthol solution to Temove the last trace 
of CO which combines with cuprous sulphate to form more stable 
CusSO4-2CO which does not give up CO as does Cu(CO)CI-2H. 0, 
CuSO; + 2C0 — CuwSO,-2C9 (5.30) 
Procedure ‘ 


1) Preparation of the apparatus 


After thoroughly cleaning the apparatus (Figure { 
) ) eJ 
stoppers. Fill the jacket (A) around the bu 4 E tease to al A 
the aspirator or the levelling bottle (C) u to t i i i 
liquid (a 25% NaCl solution acidifi dinate: yomi s oaiming 
of methyl red have been added). Tak A Borb 
O» absorbent and CO absorbent in Pipets pi, pa, and Pa, a E 
the stop cocks ai, a2, a; and open the three Way stop cock D to atmosphere 
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Raise the aspirator (C) till the burette is filled with the confining liquid. Now 
close cock D, open cock a: and lower C till the level of the solution in pipet 
pı is raised up to the fixed mark m;. Close cock a). In a similar way, bring 
the level of the soiutions in pipets pz and p; to the fixed marks m> and m; 
respectively and close a2 and a3. 


i: 


Pease ETT 


ie 


À Fig. 11 Orsat Apparatus. 
A 


A— Jacket B— Burette 

C—Leveliing bottle or D— Three way stocp cock 
Aspirator F—Clamp stand 

E—Capillary manifold G—Wooden case 

U—Tube containing R—Collapsible rubber bulb 
anhydrous Cacl) 

a1, @), a; stop cocks Pi. p2, pa pipets 


mı, m, my fixed marks 


(2) Filling the burette with the sample 


Open cock D to atmosphere and raise C to expel air ‘in the burette. 
Connect cock D to the flue gas supply (through U-tube containing anhydrous 
CaCh secured by glass wool to retain any smoke particles and/or moisture 
present in the sample) and lower C to draw the gas into the burette. The gas 
gets mixed with the small amount of air present in the capillary manifold. 
Open cock D to atmosphere and expel the gas by raising C. Repeat the 
process of drawing in and expelling the gas twice or thrice. Finally fill the 
burette completely with the gas, open D to atmosphere and raise the height 
of the aspirator C very carefully so as to equalise the levels of the liquid in 
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i i i ich it should stand at zero mark. Close 
he aspirator and in the burette in whic j S 
E Seek D. The burette now contains 100 ml of the gas under atmospheric 
pressure. 


(3) Determining the percentage of CO; 


Open a; and raise C to force the gas into pi- A portion of the CO; 
content gets absorbed by KOH solution present in pi. Lower C to take the 
gas back into the burette and again drive it into pı- Repeat the process four 
to five times which should completely remove CO; from the sample gas. 
Lower C till the solution in-pipet pı stands at the mark m; and close aj. 
Bring the confining liquid. in the aspirator and in the burette to the same 
height and record the volume of the gas in the burette. To be sure that all 
the CO» has been absorbed, repeat the whole process with the same pipet 
(pı, containing KOH) till the two volume readings are identical. Let the 
constant reading be V,. The decrease in the volume of the gas in the burette, 
i.e., V; ml is then equal to the percentage of CO; in the flue gas. 


(4) Determining the percentage of O» 


Open a and force the residual gas into the pyrogallol solution contained 
in pipet p> to effect the absorption of O». Ensure the complete absorption of 
O» by a number of passes of the gas into pz, raise the level of solution in p2 
to m: and close a>. Record the constant level of the confining liquid in the 
burette after bringing the gas to the atmospheric pressure (i.e., equalise the 
levels of the liquid in the burette and the levelling bottle), Let the constant 
reading be V>. Then percentage of O; in the flue gas = (V>-V)). 


(5) Determining the percentage of CO 


Open a; and force the residual gas into 
chloride solution. Repeat as in (3) or (4) above 
each passage of the gas into the pipet Ps and also 
of residual gas, pass the gas into the KOH pipet 
taken up from the acid cuprous chloride. 
complete absorption of CO, stand at V3. 
gas = (V3-V>). 


Ps containing acid cuprous 
with the difference that after 
before recording the volume 
(pı) to remove HC] vapours 
Let the constant level, after 
Then percentage of CO in the flue 


(6) Determining the percentage of Nə 


The gas left after the absorption in Pi, 
contain small amounts of unburnt H, 
analysis is desired, these gases a 


Percentage of N in the flue gas 


P2 and p; consisis of N: 


and/or hydrocarbons. Unles: 
Te reported as N>. 


= 100 — [Vv, + (V2 =! Vict (Vs = Vo) ] 
100 = y, 


which may 
s a detailed 


I 


“= 
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Precautions 


ík 


2. While expelling the air from the burette or forcing the gas into 
` absorbent pipets by raising the level of the aspirator, care should be 
taken that no liquid enters the capillary manifold. 

3. To avoid any contact between the atmospheric gases and the absorbent, 
the open end of the storage bulbs attached to the pipets should be 
closed with a collapsible rubber bulb. 

4. While reading the volume of the gas in the burette, before or after 
absorption in a pipet, the aspirator must be held very close to the 
burette and the levels of the liquid in the burette and in the aspirator 
should be cayefully adjusted to the same height (atmospheric pressure). 

Exercises 

143. What is the purpose of adding copper turnings or wire to the cuprous 

chloride solution? 

144. Why are the pipets containing the absorbent solutions filled with glass 

tubes or beads? 

145. What are the drawbacks of water being used as a confining liquid? 

146. What is the purpose of adding a few drops of HCI and methyl red to 

the confining liquid? 

147. Explain why it is necessary to follow a definite order for absorption. 

of various constituents of a flue gas. List this order. 

148. What is pyrogallol? 

149. How does the presence of acidic gases like SO2, H-S, HCN, etc., in 

the flue gas affect the analysis? 

150. How does the presence of H> or unburnt hydrocarbons affect the 

analysis? ` 

151. What is the effect of temperature and pressure on the analysis? 

152. Why is the graduated burette surrounded by a water-jacket? 

153. Name a few modern instrumental methods of gas analysis and compare 

the usefulness of the Orsat apparatus against them. ~ 

154. Distinguish between a fuel gas and a flue gas. What is the approximate 


Before filling the pipets with the respective solutions, ‘the apparatus 
must be checked for leaks. (For this, close the cocks a), a>, a; and 
open the cock D to atmosphere. Raise C to fill the burette with the 
confining liquid up to some definite level. Close D and slowly move 
the levelling bottle up and down. Any movement in the level of the 
liquid in the burette indicates a-leak, which should be checked by 
properly greasing the stop cocks. 


composition of a flue gas? 


6 
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Ores and Alloys 


6.1 Iron Ore 


Iron is easily attacked by humid atmosphere. So native iron in nature is 
very rare. It occurs principally as oxides: 


(a) Heamatite or Red Iron Ore a Hess 

(b) Limonite or Brown Iron Stone — FeO;.H>O or FeO(OH) 
(c) Magnetite or Lode Stone fae Of 

Less abundant ores are sulphidés and carbonate: 

(d) Iron pyrites aS RES 

(e) Chalcopyrites — CuFeS, 

(f) Siderite or Sphatic Iron Ore — FeCO, 


The ores may be associated with small amounts of other metals like 
copper, cobalt, nickel, arsenic, molybdenum, chromium, etc. Some organic 
matter is also usually present. When the ores are to be used for making iron, 
the total iron content must be determined to ascertain the economic viability 
of the extraction process, The analysis involves the following steps: 


(a) Preparation of solution of iron ore 


About 2 g (accurately weighed by difference method) of fin 
ore sample is transferred to an open silica crucible. It is fi 


and then the sample is ignited by gradually Taising th 
redness, The residue is cooled an 


transferred to a porcelain basin. 


ely pulverised 
Tst heated gently 


d 4 e temperature to 
d using a platinum or nickel spatula, it is 


The silica crucible and spatula are washed 


liquid transferred to the measuring flask as 
ml portions of 1:1 HCI, the 


nd the volume is made up to 
the mark. : 
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The decomposition of the iron ore with acid inyolves the following 
reactions: 


FeO: + 6H’ — 2Fe* + 3H,0 (6.1) 
Fe;O, + 8H’ — 2Fe* + Fe” + 40 (6.2) 
FeCO; + 2H” — Fe” + CO; + HO (6.3) 
FeS: + 2H — Fe*+HS+S (6.4) 


(b) Reduction of Fe” to Fe” 

Iron in a given solution is generally determined by titrating with a 
standard solution of K>CrmO; or KMnO,;. Both methods determine the 
amount of Fe™ ions in the solution. The ore solution prepared above 
contains some iron in the Fe state also. So, in determining total iron, all the 
ferric should first be brought to the ferrous state. The following reducing 
methods may be used: 


Method I-Reduction with stannous chloride 


This method is used when the resulting solution can be titrated in presence 
of HCl, e.g., titration with K2Cr.O;. = 
To a hot solution of iron ore, 3-4 N with respect to HCl, concentrated 
SnClo satanen y is added in slight excess to ensure complete reduction of Fe” 
to Fe” 
Fe +e — Fe”)X2 


Sn” — Sn” + 2e 


2Fe** + Sn” —> 2Fe + Sn” (6.5) 


The solution is then cooled and the slight excess of SnCh is removed by 
adding a saturated solution of HgCly_ 


Sn — Sn** + 2e 
2Hg” + 2Cl + 2e — Hg:Ch 


2Hg* + Sn + 2Cr — Sn” +Hg:Ch (6.6) 
(silky white ppt.) 
A slight silky precipitate of Hg2Cl in the suspended form does not interfere 
to any significant extent. 


6.1.1 Determination of the amount of Fe™ and Total Iron in the iron ore 
solution by K2Cr.O;7 


Reagents Required 
1. Standard potassium dichromate solution (N/10) 
2. Stannous chloride solution (5%) 
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Mercuric chloride solution (saturated) 

Sodium diphenylamine sulphonate indicator solution 
Syrupy phosphoric acid 

Concentrated sulphuric acid 

Concentrated hydrochloric acid 


Bal a alah) 


Theory 


A known volume of the iron ore solution is titrated directly with 
standard K>Cr.O; solution in a medium acidified with H»SO, (or HCI) and 
HPO; using sodium diphenylamine sulphonate as internal indicator : 


Fe” — Fe” +e] X6 
CrO: + 14H’ +6 — 2Cr* + 720 


CrO + 6Fe* + 14H — 2Cr" + 6Fe” + 7H0 (6.7) 


First permanent appearance of violet-blue colouration indicates the end-point 
and the volume of K>Cr2O; solution used corresponds to Fet ions in the 
solution. 

For determining total iron, another suitable aliquot of the iron ore solution 
is first reduced by the SnCl> method and the total iron (which is now 
present as Fe~’) is determined with standard K2CrnOs, 


Procedure 
(i) Determination of Fe” 


With a pipet, transfer 50 ml of the iron ore solution fo a titration flask. 
Add about 10 m! of dil: H.SO, and 6-8 drops of sodium diphenylamine 
sulphonate indicator solution. Titrate with standard K2Cr2O; solution. When 
the colour of the solution changes to dark green, ad 
phosphoric acid and continue titration until the colour ch 
Take concordant readings. 


d 5ml of syrupy 
anges to violet-blue. 


Gi) Determination of Total Iron 


With a pipet, transfer 20 ml of the iron ore 
Add 5 ml of concentrated HCI and heat just to 
solution of SnCh (in 1:1 HCI) with thor 


syrupy phosphoric acid, 6-8 dr 
rapidly with standard K;Cr 
deep green to violet blue. Ta 


Ops of the indicator Solution and titrate 


O; solution until there is a change of colour from 
ke concordant readings. 
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Precautions 


1. SnCl, solution should be added dropwise and should be thoroughly 
mixed after each addition. 
2.  HgCl> solution should be added to the cooled solution in one lot and 
not drop by drop. 
3. The reaction between SnCl: and HgCl> being slow, 2-3 minutes should 
be allowed for its completion. 
4. Ifon addition of HgCl>. 
(a) no precipitate appears, 
(b) precipitate is heavy. crystalline and settles at the bottom of the 
flask, or 
(c) a grey or black colour of elemental Hg appears. 
the solution should be discarded and reduction should be repeated. 


Observations and Calculations 
Weight of iron ore taken =we 


Volume of iron ore solution prepared = 250 ml 
Determination of Fe” 


Volume of iron ore solution taken 


for each titration = 50 ml 
Volume of N/10 K;Cr:O- used =Anml 
N,V; =N-V, 
(Fe™ solution) (K-Cr-O-) 
1 
N.X 50 — 
foo 
or Ni = peer 
10x 50 
Ax 56 


Amount of Fe`' per litre of iron ore solution = TOK 50 Ë 

Ax S6 250 100 
10x 50 . 1000 w 
AX 2.8 


% Fe in the ore = 


Determination of Total Iron 


Volume of iron ore solution taken 
for each titration = 20 mi 


Volume of N/10 K>Cr>O> used = Bm 
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N,V; = NV: 
(Iron) (K2CrO7) 
1 
N.X 20 = T0% B 
SAB 
cue 10 X 20 


Amount of iron per litre of the ore solution = B X 56 


Therefore % iron in the ore 


AB 250. 100 
10 X 20% 1000 w £ 


OBESE 
w 
Exercises 
155. What is the importance of grinding in the analysis of iron ore? 
156. What is the purpose of roasting the ore before its dissolution in acid? 
157. Why is it necessary to add only a very small excess of SnCl> during 
the reduction of Fe”? 
158. What happens if the HgCl solution is added 
(a) when the solution is still hot, 
(b) drop by drop, or 
(c) it is not added in sufficient amount? 
159. Why is the solution cooled immediately after the reduction is 
complete? 
160. No precipitate is formed on adding HgCl: to an iron ore solution 
reduced with SnCl,. What does it indicate? 
161. What is the function of adding H:PO; during the titration? 
162. What is meant by Internal Indicator, External Indicator and Self 
Indicator? Give one example of each. 
163. Name the external indicator used in the titrati aah i 
K;CrmO;. How is the indicator solution RIA Siegen aih 
ie ea ae the detection of the end-point with this indicator. 
s at important precautions should be i 
K,[Fe(CN)«] as external indicator? Do ENES 
166. Why has the external indicator m i 
internal indicator methods? eas eae eony anties 
167. ie will happen if Ks[Fe(CN)s] indicator is added to the titration 
ask? 


Method II: Reduction with Zn and dil. H,SO, 


This method is normally used when the resulting solution is to be titrated 
with KMnO4. A known volume of the iron ore solution prepared in H.SO; 
is taken in a conical flask and more acid is added to make the solution- 
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about 4 N with respect to H2SQ;. Granulated zinc or zinc dust is added 
which reacts with H2SO, to produce nascent hydrogen: 

Zn — Zn + 2e 
H oe >> Hy x2 


Zn + 2H’ — Zn“ + 2H (6.8) 
The nascent hydrogen so produced reduces Fe” to Fe”, ; 
Fe’ +e — Fe” 


Biante 


Fe’ +H — Fe* +H" (6.9) 


Complete conversion of Fe* to Fe’ is tested using KSCN or NH4SCN 
solution as external indicator which produces blood red colour with Fe™ ion: 


Fe” + SCN — [Fe(SCN)]* (6.10) 
Blood red colour 


The non-appearance of red colour indicates absence of Fe After the 
reduction is complete, excess zinc is removed either by filtration or by 
boiling until the whole of zinc dissolves. 


6.1.2 Determination of the amount of Iron in the iron ore solution by 
KMnO, } 


Reagents Required 


Standard potassium permanganate solution (N/10) 
Copper sulphate solution 

Ammonium thiocyanate solution 

Dilute sulphuric acid 

Granulated zinc or zinc dust. 


Dee iN = 


Theory 

A known volume of the iron ore solution prepared in H>SO, is reduced 
with Zn and H>SO, as described above. After the removal of excess of zinc, 
the solution is diluted to a definite volume. A suitable aliquot of this solution 
is then titrated with standard KMnO, solution: 


Fe” — Fe” +e] X5 
MnO; + 8H’ + 5e —> Mn” + 4H:0O 


5Fe + MnO; + 8H’ —> 5Fe” + Mn” + 4120 (6.11) 


KMnO; acts as self indicator and appearance of light pink colour shows the 
end-point. 
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Procedure 


With a pipet, transfer 50 ml of the iron ore solution (prepared in H.SO,) 
to a conical flask. Add about 5 g of AR granulated zinc and 2 to 3 drops of 
copper sulphate solution. Place a short funnel in the mouth of the flask and 
add about 25 ml of dilute H»SO, (6-8 N). Slightly warm and allow the 
reaction to continue, with occasional shaking, until the solution appears pale 
green. Remove a drop of the reaction mixture with a glass rod and mix it 
with a drop of NH;SCN solution placed on a white glazed tile. If a blood 
red colour appears (which indicates that reduction is incomplete), allow the 
reduction to proceed until a drop of the reaction mixture when mixed with a 
drop of NH:SCN does not give a red colour (Fe™ ions give only a faint pink 
tint with NH,SCN). Now filter the solution through a plug of glass wool 
placed in the neck of a funnel into a 100-m! measuring flask. (Alternatively, 
filter under suction through a gooch crucible with an asbestos fibre bed). 
Rinse the conical flask 2-3 times with 5-ml portions of dilute H2SO, and pass 
the same through the filter. Make the volume upto the mark with distilled 
water. 

Pipet out 20 ml of this solution into a titration flask, add about 5 ml of 
dilute H»SO, and titrate against standard KMnO; solution until a light pink 
colour appears in the reaction mixture. Take concordant readings. 


Precautions 


(1) All the zinc used’ for reduction should be removed before titration. if 
zinc dust has been used for reduction, it is better to boil the solution to 
completely dissolve the zinc. 

(2) After the reduction is complete, the determination should be made as 
quickly as possible to avoid atmospheric oxidation of Fe™ to Fe”, 


Observations and Calculations 


Weight of iron ore taken =weg 
Volume of iron ore solution prepared = 250 ml 
Volume of ore solution taken = 50 ml 
Volume made after reduction = 100 ml 


Volume of reduced solution taken for 
each titration = 


= 20 ml 
Volume of N/10 KMnO; used =Cmi 
100 ml reduced solution = 50 ml iron ore solution 
tla Ry a » ” » 
100 
20m ” A 150x20 y I 
100 


Ores and Alloys 145 
Ni Vi = N-V: 
(Iron ore solution) (KMnOs) 
1 
=— X 
Nı X 10 10 (@ 
@ 
Pe Ni 10 x 10 
- Amount of total iron per c 
i soluti = 
litre of the ore solution To x 10 X 56g 
dere C X 56 250 100 
0J 
% of iron in the ore 10x 10 X T000 * = 
cx 14 
w 


Exercises 
168. During reduction with Zn and H:S01, why is a small funnel placed 
in the mouth of the flask? 


169. What is the function of a few drops of copper sulphate solution 
added during reduction? 

170. Can Fe” ions be determined with KMnO; in presence of HCI? If 
not, why? 

171. An iron ore has been dissolved in HCI. What procedure should be 
adopted to remove the interference of HCI in the determination of 
total iron by KMnQ,? 

172. Reduction with Zn and H:SO; has largely been replaced with that. 
using zinc amalgam. Why? 

173. How is zinc amalgam prepared? 

174. List some other reagents that are used for the reduction of Fe” to 


Fe” during the determination of total iron in iron ore solution. 
6.2 Copper Ore and Brass 


Copper occurs both in the native form and in the combined state. The 
common ores are: 


(a) Cuprite (red) CuO 

(b) Malachite (green) Cu(OH)>.CuCO, 
(c) Azurite (blue) Cu(OH)>.2CuCO, 
(d) Copper glance CuS 

(e) Copper pyrites CuFeS: 
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In addition to iron, metals like As, Sb, Zn, Ni, etc., bitumen and silica may 
be present as impurities. 


Preparation of Solution of the Ore 


About | g of the finely ground copper ore is taken in a beaker and 
warmed with 15-20 ml of concentrated HNO; until the copper passes into 
solution. It is then evaporated on a hot plate to a volume of about 5 ml and 
after adding about 10 ml of concentrated HCI and an equal volume of 1:1 
H>SOs, it is again evaporated until dense white fumes of SO; appear, 
indicating complete removal of nitrogen oxides. About 15 ml of distilled 
water followed by an equal volume of saturated bromine solution is then 
added and the mixture is heated. This ensures complete oxidation of any As 
and Sb to the pentavalent state. Excess of bromine is then boiled off. (if any 
blackish particles are seen in the solution, it may be sand which should be 
filtered.) The resulting solution which, in addition to Cu, may contain Fe™ 


As”, Sb”, Zn”, and Ni”, as impurities is diluted to 100 ml in a measuring 
flask. 


> 


Brass 


The alloy brass consists mainly of copper and zinc but May contain small 
amounts of tin, lead and iron. A known weight of the sample (as drillings or 
turnings) is heated with concentrated HNO, when Copper, zinc, lead and 
iron pass into the solution while tin is Precipitated as metastannic acid 
(SnO;-H20) which is filtered, dried, ignited and weighed to get the percentage 
of tin in the alloy. The filtrate is evaporated with concentrated HSO; which 
expels nitrogen. oxides. The residue is treated with distilled water and filtered. 
The precipitate is washed, dried, ignited and weighed as PbSO, from which 
percentage of lead in brass is calculated. The filtrate which may 


at fe ais contain Fe** 
and Zn” in addition to Cu” is diluted to 100 ml in a measuring fl 


ask. 


6.2.1 Determination of the amount of Copper in a solution of copper Ore or 
brass 


Reagents Required 


Standard copper sulphate solution (N/ 10) 
Sodium thiosulphate solution (N/10) 
Ammonium thiocyanate solution (10%) 
Dilute acetic acid 

1:1 ammonia solution 

Freshly perpared starch solution 

Sodium carbonate solution 

Potassium iodide 

Ammonium bifluoride. 


SO RPNANARWNS= 
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Theory 
When an excess of KI is added to a solution containing Cu?” in neutral or 
slightly acidic medium, quantitative liberation of iodine takes place: 


Cut +r +e — Cul] X2 
2 — h+ 2e 


nanom 


2Cu* +4 — 2Cul +h (6.12) 
White precipitate 


The liberated iodine is titrated with standard Na2S2O; solution using freshly 
prepared starch solution as indicator near the end-point: 


I+ 2e — 20 
28:0;7 — S406 + 2e 


b+ 282.0;> —> SO + 20 (6.13) 


In the absence of Fe” (test with NH:SCN), the mineral acid-is neutralised 
by dropwise addition of a solution of NaCO; until a slight precipitate or 
turbidity appears: 


2H + CO; — CO: + H:O (6.14) 
Cu” + COF —> CuCO; (6.15) 
(turbidity) 


The turbidity is removed by dropwise addition of dilute CH:COOH 
CuCO; + 2 CH;COOH — Cu™ + CO: + 2CH;COO + HO (6.16) 


and this adjusts the pH to a value at which As(V) and Sb (V) do not 
interfere. 
When Fe” is present, dilute NH; solution is added to precipitate it: 


Fe**-+3NHi:OH — Fe (OH); + 3 NHi (6.17) 
(Precipitate) 
Ammonium biflouride is then added which complexes iron and also 
Fe(OH); + 3 NH;HF> —> [FeFs]) +3NH:+3H20 (6.18) 
adjusts the pH to above 3.2 where As (V) and Sb(V) do not interfere. 


Procedure 
(a) Standardisation of sodium thiosulphate solution 


Pipet out 20 ml of N/10 copper sulphate solution into an iodine titration 
flask. Add 1 g of AR KI dissolved in 10 ml-of distilled water. Stopper the 
flask, mix the contents and keep in dark for 1-2 minutes. Titrate against 
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solution (10% NH:SCN or KSEN). An intense blue colour appears. Immedia- 


tely titrate further to the complete disappearance of blue colour. Repeat to 
get concordant readings. 


(©) Estimation of copper _ 
(i) When Fe“ is absent (Test with NH:SCN) 


Pipet out 20 ml of ore or brass solution into an iodine titration flask. Add 
Na2CO; solution dropwise with shaking until a slight y 
solution. Add dilute CH;COOH dropwise until the turbidi 


(ii) When Fe” is present 


Pipet out 20 ml of the ore or alloy solution i 
Add 1:1 ammonia solution dropwise with shakin, 
faintly of ammonia. To dissolve the Precipitated Fe(OH);, add 2 
NH;HF; and shake, Add 1g of AR KI dissolved i 
and proceed as in (a) above. 


Precautions 

(1) When much of bitumen or Sulphur is present, the ore should be Toasted 
before treating with acid, 

(2) Brass surface, if not clean, should 
in air. 

(3) Large excess of ammonia or Na:CO; and CH, 
be, should be avoided, = 
(4) Direct sunlight should be avoi 
of i 


(5) After addition of thiocyanate solution, the titration should not 


be washed with ether and then dried 
COOH, as the case may 


ded as it Catalyses atmospheric Oxidation 


be delayed. 
Observations and Calculations 
(a) Standardisation of thiosulphate Solution 
Volume of N/10 CuSO., 51,0 solution taken = 20 mi 
Let the concordant volume of Na:S:0; solution used = A ml 
NV, = NV, 
(Copper sulphate) (Na>S30;) 


1 
Io * 20 =NXA 
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Therefore, Nə =— X 20X AL = 


Zh 
3 10 A A 
(Normality of Na:S20:) 


(b) Estimation of copper 


. Let the weight of ore or alloy taken = wg 
Volume of solution prepared = 100 ml 
Volume taken for each titration = 20 ml 


Let the concordant volume of Na>S:O; used = B ml 


NV, = N>V> 
(copper) (Na:S:0:) 
2 
N X 20 = an xB 
2 B B 
N =+ x= = 
y i A 20 10A 
Amount of copper per litre of B X 635 
the ore or alloy solution = SOA g 


Therefore, % of copper in ore or alloy = 


B X 63.5 X 100 X 100 
10 A X 1000 X w 


DIBI 
TN 
Exercises 
175. vay is it necessary to oxidise arsenic and antimony to the pentavalent 
state? 
176. Why is it necessary to remove nitrite and nitrogen oxides? 
177. Describe some methods, other than evaporating the solution with 
H:SO;, for removing nitrite and nitrogen oxides from the solution. 
178. How does iron interfere in the copper estimation? 
179. Name some reagent, other than ammonium bifluoride, which can 
complex Fe™ and prevent its reaction with I. 
180. Name the factors that catalyse atmospheric oxidation of I ion. 
181. What is the effect of low pH on the copper estimation? 
182. On adding KI to the Cu” solution, a brown precipitate is seen. What 
is it due to? 
183. Why is thiocyanate solution added towards the end-point of the 
titration? 
184. During the titration of I) with thiosulphate, it is sometimes seen that 


at the end-point, the blue colour appears again and again. Explain. 
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6.3 Silver Ore and Silver Ailoy 


Silver coins or other commercially available silver alloys may contain 
varying amounts of zinc and nickel in addition to silver and copper. The 
silver content of the alloy determines its value and characteristics, 


Preparation of the solution 


The surface of the alloy (in the form of a wire, thin sheet or coin) is 
cleaned by rubbing with emery cloth and subsequently washed with dry 
acetone to free it of grease. The alloy is then cut into pieces and 0.4-0.5 g 
(accurately weighed) of it is placed in a conical flask. Through a small 
funnel, placed in the mouth of the flask to avoid mechanical loss, 10-15 ml 
of dilute HNO; (1:1) is added. The flask is warmed gently on a water bath 
or a low-temperature hot plate until the alloy is. completely dissolved. The 
solution is now boiled for 5-10 minutes to expel lower nitrogen oxides. The 
solution is cooled, transferred quantitatively to a 100- 
washing the conical flask and funnel with distilled wat 
flask—and made upto the mark. 

The Ores, silver glance (AgS) and copper-silver glance (AgoS.CuoS) can 


be similarly brought into solution by treating with nitric acid followed by 
filtration. 


ml measuring flask— 
er into the measuring 


6.3.1 Determination of the amount of Silver in a solution of silver ore or 
alloy 


Reagents Required 

l. Standard silver nitrate solution (N/20) 
2. Potassium thiocyanate solution (N/20) 
3. Ferric alum indicator solution 

4. Dilute HNO;. 


Theory 


Silver ions in a solution containin 
standard solution of KSCN or NHLSCN usin 


Ag’ + SCN — AgSCN 


3 (6.19) 
(White ppt., Ky = 7 10”) 
After the whole of Ag’ ions are Precipitated, a sli ht i 
reacts with Fe” ions to produce a red colour. el or ick tios yanat 
Fe* + SGN: = [Fe(SCN)}* (6.20) 


‘ Blood-red colour 
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Procedure 
(a) Standardisation of thiocyanate solution 


Pipet out 20 ml of standard N/20 AgNO; solution into a titration flask 
and add 5 ml of dilute HNO; and 1 ml of ferric alum indicator. Titrate 
against KSCN solution until a permanent faint teddish-brown colour appears. 
Repeat to get concordant readings. 

(b) Estimation of silver in the alloy or ore solution 


Repeat the above procedure taking 20 ml of the silver alloy or ore 
solution and get concordant readings. 


Precautions 

1. All the apparatus should be washed with distilled water. 

2. Nitric acid must be free of the lower oxides of nitrogen. 

3. Near the end-point, the titration must be carried out very slowly and 
with constant shaking. 

Observations and Calculations 

Weight of silver alloy (or ore) dissolved =wg 

Volume of the alloy (or ore) solution prepared = 100 ml 

(a) Standardisation of KSCN solution 
Volume of standard N/20 AgNO; taken = 20 ml 


Volume of KSCN solution used =Ani 
N Vi =N 2 V2 
(KSCN) (N/20 AgNO;) 
1 
N Xx == x 
IX A 70 20 
Therefore, Ni, normality of KSCN solution — 4 
(b) Estimation of silver in the solution 
Volume of silver alloy (or ore) = 20 ml 
solution taken 
Volume of KSCN solution used =Bml 
N Vi =N:V: 
pay (Silver solution) 
= XB =N: X 20 


A 
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3 B 
Therefore, N2, normality of silver solution = AX 20 
: B 
Strength of silver solution Ax 20 * 1088/1 
Therefore, percentage of silver in the B X 108 100 he 
alloy or the ore = AX 20 * 1000 * w % 100 
B 54  54B 
= — X= = 
A w Aw 


Exercises 5 

185. Why is it necessary to avoid the use of tap water? 

186. What is the function of nitric acid in the titration? 

187. Why is it necessary to remove the low 
nitric acid? 

188. How is nitrous acid removed from nitric acid solution? 

189. How is approach of the end-point detected? 

190. Why is it necessary to shake the rea 
end-point? 


er oxides of nitrogen from 


ction mixture vigorously. near the 


6.4 Pyrolusite 


Manganese does not occur free in nature. Its most commonly found ore js 
Pyrolusite (MnO2) which sometimes contains small amounts of Brounite 
(Mn20;), Manganite [Mn:0;. H>O or MnO (OH)] 
and/or some other impurities. When the i 
purposes (i.e., as a source of Manganese metal or for the Production of 
ferromanganese), it is graded on the basi: i 
can be determined by dissolving the ore 
nese to permanganic acid using sodium 
off the excess of the bismuthate, th 
standard ferrous ion solution. 

; Being an efficient oxidising agent, pyrolusite js directly put to several 
industrial uses such as: 
(i) Production of Cl, b 

(ii) A drier in paints, 

(iii) A depolariser in 

(iv) Bleaching agent 

g7 o in the preparation of oxygen by heating potassium chlorate 


in nitric acid and oxidising manga- 
bismuthate (NaBiO;). After filtering 
e permanganic acid is de i 


y the action of conc, HCl (Weldon process) 


Leclanche cell and Dry cell 
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Available oxygen of pyrolusite is that part of oxygen which is available for 
oxidation of a reducing agent when the ore is treated with a strong acid: 
MnO: + 2H —> Mn” + H>0+0 (6.21) 
(available oxygen) 


6.4.1 Determination of Available Oxygen in Pyrolusite iodometrically 
Reagents Required 

1. Standard sodium thiosulphate solution (N/10) 

2. Potassium iodide solution (5%) 

3. Freshly perpared starch solution 

4. Conc. HCl. 

Theory 


A known weight of dry ore is heated with conc. HCI. Chlorine equivalent 
to ayailable oxygen is liberated as per the following equation: 


MnO), + 4H" + 2e —> Mn” + 2H20 
2Cl — Ch + 2e 


MnO; + 4H* + 2C —> Mn” + Ch + 2m0 
or MnO; + 4HCl —> MnCh + Ch + 20 (6.22) 


The chlorine gas thus evolved is passed into a solution of KI when an 
equivalent amount of iodine is liberated 


Ch + 2e —> 2Cl 
21 — i+2e 


Ch +21 — b +201 (6.23) 


which is titrated with a standard solution of sodium thiosulphate using starch 
solution as indicator near the end-point. 


L+ 2e — 21 
28.07 —> SO% + 2e 


L + 28,07 — SO? +A (6.24) 
The amount of thiosulphate consumed corresponds to the oxygen available 
from pyrolusite. 
Procedure 


Set up the appearatus as shown in Figure 12. Place about 100 ml of a 5% 
solution of KI (A.R. Grade) in the conical flask (A). Weigh accurately the 
sample bottle containing the finely pulverised and dry pyrolusite ore. Transfer 
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about 0.5 g of the sample to the distillation flask D and weigh the bottle 
again. Add about 30 ml of conc. HCI to the flask. Heat the distillation flask 
gently and from a Kipp’s apparatus, pass a slow and steady stream of CO; 
into the contents of the distillation flask. After the ore has completely 
dissolved, raise the temperature and boil the contents for about 10 minutes. 
Now disconnect the delivery tube (C) from the distillation flask and transfer 
the contents of the conical flask into a 250-ml measuring flask. Rinse the 
conical flask, the delivery tube and the guard tube with KI solution into the 
measuring flask and make up the volume upto the mark. Transfer 50 ml of 
this solution into a conical flask and titrate against N/10 Na2S30;. When 
the colour of the solution turns straw yellow, add about 2 ml of freshly 
prepared starch solution and titrate further till the blue colour just disappears. 
Take concordant readings. 


Fig. 12 Determination of Pyrolusite. 


A—Conical flask 
C— Delivery tube 
G— Guard tube 


B—Burner 
D— Distillation flask 


Observations and Calculations 
Initial weight of sample bottle 


=wig 
Final 3 ” 2 =w: pg 
Therefore. Weight of pyrolusite sample taken = (w, — w) g 
Total volume of iodine solution prepared = 250 ml 


Volume taken for each titration = 50 ml 
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Let the concordant volume of N/10 =Anl 
Na2S2O; used 
Then N Vi a = N> V2 
(Iodine solution) (N/10 Na2S2O3) 
1 
N X 50 O XA 
N pA 
on ~ 10 x 50 
(i) Strength of iodine solution in terms of A 
MnO, = 10x50 X 43.47 g/l 
or weight of MnO: in (wi — w2) g A 43.47 X 250 
of pyrolusite = tox 50 — 1000 
Oi lusi _ A X 43.47 X 250 100 
Therefore, % of MnO): in pyrolusite = 0 xX 50 X 1000 < 50 X 1000 EN EET 
_ AX 43.47 
20 X (wi — w2) 
(ii) Strength of iodine solution in 
terms of available oxygen = AX8 g/l 
10 X 50 
Weight of oxygen available from AX8 250 


Wi — W2 rolusiti ns eA 
( Je pyrite 10x50 ~ 1000 Ê 


AX8 250 x 100 


% Availabl TWAA BY 1250) 100% 
ait pee 10 X50 ~ 1000 ~ wi — we 
_ AX 
~ 20 X (m — wz) 


(iii) Similarly, weight of Cl, that can be AX 35.5 250 


prepared from (wi — w2) g pyrolusite = 70x50 x 000° g 


or Weight of Cl, obtainable from A X 355 250 100 
lusi == x = =: 
100/g.of pyrolusite 10x50 “1000 ~w—w ® 
A X 35.5 


~ 20 X (wm — wa Ê 
Precautions 
(1) To ensure complete and rapid decomposition of the ore by conc, HCI. 


> 
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it is should be finely powered in an agate mortar. 
(2) To avoid the absorption of moisture by the powdered ore, it should be 
immediately transferred to a small stoppered weighing bottle. 
(3) To make the apparatus airtight, all connections should be made with 
ground glass joints. 

~(4), CO: should be passed at a very slow rate otherwise some iodine might 
be lost from the solution. 
(5) Before discontinuing heating at the end, disconnect the delivery tube to 
avoid back-suction of the absorption solution. 


Exercises 


191. Why is a stream of CO> passed through the decomposing mixture? 
192. What are the contents of the guard tube? What is its function? 
193. Why is the conical flask kept immersed .in ice-water? 

194. What is the use of Pyrolusite in glass industry? 

195. In what physical state does Pyrolusite occur in nature? 


6.4.2 Determination of Available Oxygen in Pytolusite by KMnO; 
Theory 


A known weight of the pyrolusite sample is treated with a known excess 
of an acidified solution of a reducing agent, such as (a 
sodium oxalate, or (c) sodium arsenite. An equivalent a; 
agent is oxidised as per the following reactions: 


(a) MnO, + 4H’ + 2e — Mn” + 20 


) ferrous sulphate, (b) 
mount of the reducing 


Fe” — Fe” +e]X2 


MnO; + 4H' + 2Fe” —> Mn™ + 2Fe* + 2H, 
(b) MnO; + 4H” + 2e —> Mn” + 24,0 


©.0;7 —> 2CO, + 2e 


ie) (6.25) 


MnO: + C20, + 4H” —> Mn” +2C0, + 240 (6.26) 
(c) MnO, + 4H" + 2e —> Mn? + 20,0 l 


AsOy + HO — AsO + 2H 4 De 


MnO; + AsO;* + 2H° —> Mn” + As 


OF+HO (627. 
The excess of the reducing agent is determined by titrating wi 
solution of KMnO«, which itself acts as indicator: ae 


(a) MnO; + 8H’ + Se —> Mn” +410 


alta arg pe 
MnO; + 5Fe” + 8H" —> Mn” + Se 4 yi R ens 
; 6 ; 
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(b) MnO; + 8H’ + 5e — Mn” + 440] X 2 
CO, — 2CO; + 2e] x 5 


2MnO; + 5C207 + 16H* —> 2Mn** + 10CO,+8H2O (6.29) 
(c) MnO; + 8H’ + Se — Mn” + 4H>O] X 2 
AsO} + HO — AsO} + 2H" + 2e] X 5 


2MnO; + SAsO} + 6H’ —> 2Mn™ +5AsO} +3H2O (6.30) 
Procedure (With sodium oxalate) 


Reagents Required 


l. Standard sodium oxalate solution (N/10) 
2. Standard potassium permanganate solution (N/10) 
3. H2SO, (10%). 

Take two 250-ml conical flasks. Add the following reagents to each: 

(i) About 0.1-0.15 g finely pulverised, dry and accurately weighed (by 
difference method using a weighing bottle) pyrolusite sample 
(ii) 40 ml of standard N/10 sodium oxalate solution (with a pipet) 
(iii) 40 ml of approximately 10% H2SOs (with a measuring cylinder). 


Place a small funnel in the mouth of each flask and keep them on a hot 
plate. Boil the contents gently until no black particles are visible in the flasks. 
Dilute the resultant dirty solution (usually milky) to about 100 ml and titrate 
slowly with N/10 KMnO; solution until a light pink colour appears. The 
amount of sodium oxalate consumed by pyrolusite is a measure of MnO) or 
available oxygen. 


Precautions 


(1) Due to presence of impurities, the solution after boiling may sometimes 
be coloured brown which interferes with the end-point. In such a case, the 
solution should be filtered before use. 

(2) During boiling, the concentration of H»SO; should not exceed 20% 
otherwise it may lead to decomposition of oxalic acid into CO and CO3. To 
avoid this, some water may be added to the flask during boiling to make up 
for the loss. 


Observations and Calculations 

Flask A— Weight of sample = wag 
Volume of N/10 sodium oxalate added = 40 ml 
Let the volume of N/10 KMnO; consumed = V, ml 
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Therefore, Volume of N/10 sodium oxalate used against 


Wa g Of pyrolusite = (40 — V4) ml 
(40 — Va) X 43.47 
and weight of MnO- in wa g of sample = 10x 1000. 
— (40 = Va) 43.47 
Therefore, % MnO: = 10 x 1000 x SR X 100 
— (40 — V4) X 43.47 
100 X wy, 
i — (40 - Vu) X8 
and % available Oxygen = ARA O, 
Flask B— Weight of the sample = wag 
Volume of N/10 sodium oxalate = 40 ml 
Let the volume of N/10 KMnO; used =V, ml 
Therefore. % MnO: = Sey 
and % available Oxygen = aa ees On 
Hence mean value of % Available Oxygen = O17 On 
Exercise 


196. Which of the three reducing agents Suggested, namely ferrous sul- 
phate, sodium oxalate or sodium arsenite is better and why? 


6.4.3 Determination of Available Oxygen in Py 


rolusite by KIO: (Andrews 
titration) 


Reagents Required 


1. Standard potassium iodate solution (0.2N) 
2. Potassium iodide solution (0.1 M) 

3. Conc. HCl 

4. Carbon tetrachloride. 


Theory 


In presence of a large excess of HCI MnO); can oxidise iodi TAn 
Samy rae 9 2 ise 
monochloride, via the intermediate formation of iodine: iaioe toode 


MnO: + 4H' + 2e —> Mn + 21,0 


27 —> L+ 2e 


MnO: + 4H' +2 —> Ma* +R 20O (631) 
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MnO: + 4H’ + 2e —> Mn” + 2H:0 
f+ 2Cl — 21C! + 2e 


MnO» + 4H’ + b + 2Cl — Mn” +2ICl + 2H:0 (6.32). 


Thus the overall reaction may be written as 
MnO: + I + 4H’ + Cl — Mn” + ICI + 2H:0 (6.33) 
MnO: + KI + 4HCl — MnCl: + ICI + KCI + 2H:-O© (6.34) 


er, in presence of excess iodide, the reaction stops at the iodine 
stage (reaction 6.31), Thus, when to a known weight of the pyrolusite 
sample taken in a stoppered bottle is added a known excess of KI (titrated 
- with standard KIO;) and the mixture is shaken in presence of a large excess 
of HCl, a part of iodide is oxidised by MnO: present in the pyrolusite 
sample. The excess of KI is determined by titrating the resultant mixture 
(which may contain either I and Ib or Iz and ICI) with the standard KIO; 
in presence of chloroform or carbon tetrachloride when the iodide is first 


oxidised to Is: 


or 


Howev 


210; + 12H’ + 10e — kh + 6420 


21 — I, + 2e]X5 
ep T O 
210; + 12H* + 101 —> 6l: + 6H:0O 


7s 10; + 6H’ + SI. —> 3b +3H20. (6.35) 


which is further converted to ICI: 
10; + 6H’ + Cl + 4e — ICI + 3H20 
i+ 2Cl —> 2IC1+ 2e] x 2 


10; + 2k + 6H’ -+ SC! — SICI + 3H:0 (6.36) 


The disappearance of the colour of iodine in the organic layer indicates the 
end-point. The result is calculated from the amount of KI taken and the 
amount left after reaction with pyrolusite. 


Procedure 
Transfer 0.15-0.2 g of finely powered pyrolusite sample to an iodine 


titration flask. Add 30 ml of about 0.1M solution of KI (AR) and 30 ml of 
cone. HCl. Stopper the flask and shake vigorously until the solid has 
dissolved. Now add about 5 ml of CCl, and titrate with 0.05M (0.2N) KIO, 
solution until there is no trace of violet colour of iodine in the carbon 
tetrachloride layer. Let the volume of KIO; used be V4 ml. 


Blank —In another flask, take 30 ml of the same KI solution and 30 ml 
conc. HCI. Add 5 ml of CCl, and titrate with 0.05M KIO; solution in the 
same way as before. Let the volume of KIO; used be Va ml. 
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Precautions 


(1) After each addition of KIO; from the burette, the flask should be 
stoppered and shaken vigorously. 

(2) The concentration of HCI should never be less then 3.5-4N at the 
end-point. ; 


Observations and Calculations 


Weight of sample taken =we 
Volume of 0.2N KIO: used in Blank = V; ml 
Volume of 0.2N KIO: used against sample = V4 ml 
Therefore, MnO; in’w g sample = (Vs — V4) ml of 0.2'N solution 
43.47 
=(Vs— V4) X 0. — 
(Vz a) X 0.2-X 1000, 8 
: . — (Va — Va) X 0.2 X 43.47 x 100 
;, SS ET A 100 
% of MnO; in sample 1000 X w 
p (Va — Va) X 0.2 X 8 X 100 
= AEN AS 100 
% Available Oxygen 1000 X w 
— (Vs — Vu) X 0.16 
a AAD) 
w 
Exercises 


197. What is the equivalent weight of KI and KIO; in the determination? 
198. Why is vigorous shaking required during the titration? 


199. What happens if the concentration of HCI is lower than that 
reommended? 


6.5 Calcium Carbonate Minerals 


Calcium carbonate occurs in nature in different forms—colourless white to 
5 


coloured materials and physical state being anything tro 
Saks hes j ything trom a soft amorphous 


(1) Dogtoothspar, Icelan 
calcite crystal and used as 
optical instruments 

(2) te is also crystalline and is used for building, ornamental monu- 
mental and statuary Purposes: as chips, abrasive for 2 
inton E soaps and for neutra 
(3) Chalk contains 90% calcite and may be soft, incoherent and porous to 
hard and crystalline. It is used for whiting, crayons, Scouring and polishing 
preparations. 


d spar, Nailhead Spar and 


Salinspar are varieties of 
phosphors. Iceland Spar is 


transparent and used in 


(4) Limestone is most widely distributed and is the most important source 
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of CaCOs. It usually contains MgCO: in amounts which vary from traces to 
that present in Dolomite (containing CaCO; and MgCO; in equimolar 
amounts). Iron oxide, aluminium oxide, silica (free or combined as clay or 
feidspar) and sulphur (as pyrites, FeS>, or gypsum, CaSO.) are other impor- 
tant minor constituents present in limestone and dolomite. 

These minerals are used for a variety of purposes—building, whitening, 
manufacture of lime, portland and natural cements. fertiliser, soft glass, 
refractory material (dolomite). as a flux in various metallurgical processes, 
source of COs, railway ballast, macadam in lithography. cement concrete 
and asphalt concrete, in agriculture, as a solid diluent and carrier in pesticides 
(dolomite). - 

The value and suitability of the mineral for any particular commercial 
purpose depends on the physical state of the mineral and to a large extent on 
the amount of CaCO:, MgCO: and the amounts and nature of other 
impurities, for which a complete analysis of the mineral will be ideal. For 
routine work, however. the analysis of limestone and dolomite includes the - 
following determinations: F 


(i) Available carbon dioxide 

(ii) Loss on ignition 
(iii) Impure silica or acid insoluble matter 
(iv) Combined oxides (Al,O; + Fe2O;) 
(v) CaO, and 
(vi) MgO. 


(i) Available Carbon Dioxide 


A known weight of the powdered sample is decomposed by heating with 
syrupy phosphoric acid. Using a current of CO:-free 


CaCO; + 2H’ — Ca“ + CO, + HO (6.36) 


air, the CO, evolved from the sample is led through a water absorbent 

(anhydrous CaSOs) into weighed bulbs containing KOH solution. The increase 

in the weight of KOH bulbs gives the weight of CO. The percentage 

available CO: 

Increase in the weight of KOH bulbs 
weight of sample taken raed (G27) 


(ii) Loss on Ignition 


A weighed amount of the powdered air-dried sample, taken in a porcelain 
or platinum crucible, is dried at 110°C for 1 hour and the loss in weight, on 
percentage basis, is reported as superficially adsorbed moisture. The tempera- 
ture of the crucible is then slowly raised to 1000-1100°C and the sample is 
ignited to constant weight. The percentage loss on ignition is a rough 
measure of the carbonate in the sample. 
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(iit) Impure Silica or Acid Insoluble Matter 


It is determined by adding 1:1 HCI to about 1 g of the sample in a covered 
porcelain dish and heating on a water bath to dryness. The dry mass is then 
digested with 5-10 ml conc. HCI for about 5 minutes and diluted with distilled 
water. The resultant mixture is heated on a water bath for about 10 minutes 
and filtered using an ashless filter paper. The residue is washed with hot 
water, ignited along with the filter paper in a weighed silica crucible, cooled 
in a desiccator and weighed. The amount of the residue on percentage basis 
is reported as Impure Silica or Acid Insoluble Matter. 3 


(iv) Combined Oxides 


The combined filtrate and washings from the above determination are 
boiled with a few drops of conc. HNO; (to convert any Fe” to Fe”). About 
1 g. NH;CI is dissolved in the contents, followed by the addition of 2-3 
drops of methyl red indicator. The solution is again heated to boiling and 1:1 
ammonia solution added dropwise till the colour is just yellow. Boiling is 
continued for 2-3 minutes. Iron and aluminium are Precipitated as hydroxides: 

Fe’ + 30H —» Fe(OH), (6.26) 
AI” + 30H — Al(OH), (6.39) 
The precipitate is filtered, washed with hot water, dried and ignited 
[ 2 Fe(OH); — FeO; + 3H20, 2Al(OH); —> AkO; + 3H20 ] in a 
silica or platinum crucible to constant weight. The Percentage of mixed 
Weight of residue x 
CUE es 
Weight of sample taken o (6.40) 


(In addition to FeO, + AhO;, 
AIPO; and FePO;). 


oxides = 
the residue may contain TiQ;, Mn;O,. 


(v) Calcium Oxide 


6.5.1 Determination of the amount of Calcium in Limestone 
Reagents Required 


Standard potassium permanganate solution (N/10) 
Ammonium oxalate solution (8%) 

1:1 ammonia solution 

Dilute H2SO, 

Dilute HC! 

Dilute HNO, 

Silver nitrate solution 

Methyl red indicator solution. 


PNDR WN e 
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Theory 


Calcium in a solution of limestone or dolomite (from which acid insoluble 
matter and oxides of iron and aluminium have been removed) is precipitated 
as calcium oxalate by adding ammonium oxala‘e in a medium made slightly 
alkaline using ammonia: 


coo \” et ON 
| +a —> | >G (6.41) 
coo coo 

White precipitate 


The precipitate is filtered, washed free of oxalate and chloride ions, and 
dissolved in dilute sulphuric acid: 
coon COOH 
| Ca + HSO: — | + Ca” + SOF (6.42) 
cao COOH 


The oxalic acii 


d liberated, which is equivalent to calcium in the original 
solution, is titrated with a standard solution of KMnO,: à 


COOH 
> 2C0: + 2H’ + 2e]X 5 


COOH 
MnO; + 8H’ + 5e —> Mn“ + 4H,O ] X 2 
pe testy ils ETAS 


COOH 
5 | + 2MnO; + 6H’ —> 10CO:+ 2Mn™* + 8H20 (6.43) 


COOH 


Procedure 
‘Add 2 drops of methyl! red indicator to the combined filtrate and washings 


from the ammonia precipitation (removal of Fe:O: and Al,O;) and acidify 
with dilute HCl (indicated by appearance of red colour). Reduce the volume 
to about 200 ml by evaporation. To the hot solution add slowly about 25 
ml of a hot 8% ammonium oxalate solution with constant stirring with a 
glass rod (A slight precipitate appears due to the large excess of ammonium 
oxalate added), Add 1:1 ammonia solution dropwise until the red colour of 
the solution changes to yellow. Stir vigorously for 2-3 minutes and keep 
undisturbed for half an hour to let the precipitate settle down. Filter by 
decantation through a Whatman filter paper No. 40 (540). Wash the 
precipitate repeatedly with about 5-ml portions of 0.1% ammonium oxalate 
solution until the filtrate is free from chloride (filtrate does not give a 
precipitate with AgNO; solution acidified with dilute HNO;). Then wash the 
precipitate with small amounts of cold distilled water until the filtrate is free 
from oxalate ion (filtrate does not decolourise hot very dilute KMn0O;). Now 
place the funnel in the mouth of a 250-ml measuring flask, pierce a hole in 


D 
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the filter paper with a glass rod and wash down the precipitate into the flask 
with warm distilled water. Pour some dilute H2SO. on the filter paper to 
dissolve any precipitate sticking to it. Now shake the flask to dissolve the 
precipitate (add more H>SOs, if necessary) and make up the volume upto 
the mark. Pipet out 50 ml of this solution into a titration flask, add about 
10 ml of dilute H2SO;, heat to about 60°C and titrate with N/10 KMnO; 
solution until a light pink colour appears. Take concordant readings. 
Alternatively dilute. the combined filtrate and washings to a known volume 
(say 250 ml). Take 50 ml of this solution, precipitate calcium as oxalate, 
filter and wash free from chloride and oxalate, in a manner described above. 
Transfer the filter paper, along with the precipitate. to a titration flask, add 
20 ml of dilute HSO; and about the same volume of distilled water. Shake 
to dissolve the precipitate, warm to about 60°C and titrate with N/10 
KMnO; solution. 


Precautions 

(1) The washing liquid should always be taken in the beaker in which 
precipitation was carried out and then it should be transferred to the filter 
paper. 
(i) A fresh portion of the washing liquid should be used only when the 
first portion has completely passed through the filter paper. 
(3) For testing the filtrate for the presence of chloride or oxalate, a few 
drops of the filtrate should be collected directly from the funnel. 


(4) Any precipitate sticking to the filter paper may be loosened by forcing 
On it a jet of distilled water from a wash bottle. 


(5) F Any precipitate sticking to the beaker after washing should be dissolved 
in dilute H2SO; and transferred to the measuring flask. 


Observations and Calculations 
Weight of the sample taken =wg 
Volume of calcium ion/oxalate solution perpared = 250 ml 
Volume taken for each titration = 50 ml 


Let the concordant volume of N/10 KMnO; used = V ml 


i 


Nı V; = NV: 
(Calcium) (KMnO3) 
1 
Ni X 50 =~" 
Therefore, N, = TEAG 
10 X 50 
Strength of calcium solution in terms of CaO EM 


Ores and Alloys 165 


Weight of calcium (as CaO) in w g of the 
cis _ VX 28 250 
10 X 50 1000 
_ VX 28 250 100 


~ 10 X 50 1000 wW 


_Vx14 
w 


% of calcium (as CaO) in the sample 


Exercises 


200. Why is it necessary to wash the precipitate of calcium oxalate free of 
chloride and oxalate ions? 

201. What improvement in the procedure is required for analysing dolomite, 
or limestones with higher magnesium content? 

202. How is magnesium oxide determined in limestone or dolomite? 


7 


eee E ee 
Miscellaneous 


7.1 Lime 

Lime is a very important industrial material which is largely used for the 
manufacture of bleaching powder, glass, sulphite pulp, soda lime, calcium 
carbide, washing soda and caustic soda. It is also used for structural purposes 
(cement and mortar), for white washing, in textile industry, in sugar refining, 
for cooking rags in paper manufacture, for water Softening, for tanning of 
leather, for preparation of NH; and as a very good fertilizer for soil. 

Lime is the product of calcination of lime stone: 


CaCOs(s) — CaO (s)+ CO, (7.1) 
show corresponding variations in composition. The type of analysis required 


on a given sample depends to some extent on the use for which the sample 
same determinations as are 


content of lime be determined. 


7.1.4, Determination of Available Lime 
in Milk of Lime or Determination 
lodimetrically 


or Free CaO in Industrial Lime or 
of Caustic Value of Agricultural Lime 


Reagents Required 

1. Standard iodine solution (N/10) 

2. Standard sodium thiosulphate solution (N/10) 
3. Freshly prepared starch solution. 


Theory 
A known weight of the 


Powdered sample is slaked with boiling water 
when CaO content reacts: 


CaO + HO —> Ca(OH), (7.2) 


A measured excess of iodine solution is then added when the base reacts 
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with iodine: 
I+ 2e — XN 
L+40H — 20I + 2H.0+ 2e 
2L + 40H — 201 +21 +20 (7.3) 
or 2h + 2Ca(OH)2 —> Ca(Ol), + Cah + 2420 (7.4) 


The excess of icdine is back-titrated with a standard Na2S,O; solution using 
starch solution as indicator near the endpoint: 


h+ 2e — XN 
28,03 —> S06 + 2e 


I, + 28,0} — 21 + SO; (7.5) 


Procedure 

Transfer about 0.2 g of powdered and accurately weighed (by difference 
method) lime sample to an iodine titration flask. Add about 100 ml of 
boiled distilled water. Heat nearly to 60°C. Stopper the flask and shake 
vigorously for 5 minutes. Remove the stopper and boil for 5-10 minutes (in 
the analysis of milk of lime, use 10 ml of the sample and omit boiling). Cool 
and add 40 ml of standard N/10 iodine solution. Stopper the flask and 
shake until the whole of lime has dissolved. Titrate against N/10 Na2S2O3 
using starch solution as indicator. Analyse one more sample in the same 
way. 


Observations and Calculations 


Weight of 1st sample = wig 

Volume of N/10 iodine solution added = 40 ml 

Let the volume of N/10 Na2S2O; solution used = Vi ml 

Therefore, volume of N/10 iodine solution used 

against w; g of sample = 40 — V; ml 

i i ua ao-v,) <b aea 

or Weight of CaO in the sample = ee i T0 x 1000 & 
diet _ (40~ Vi) - 28 

Therefore, % lime in the Ist sample = 10 xX 1000 x vi x 100 

OTNI x 028A; 
Ww: 
Weight of 2nd sample = wg 


Let the volume of N/10 Na2S:O; used = V, ml 
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40 — V2) ; 
Therefore, % lime in the 2nd sample = —— X 0.28 = Az 
A A Ai + A2 
Therefore, mean % available lime = least 


Precautions 

CO;-free distilled water should be used and excessive contact with atmos- 
phere should be avoided (A sodalime guard tube may be used to prevent 
absorption of CO, from atmosphere). 


Exercise 
203: How do the impurities of CaCO; and MgO affect the estimation? 


7.1.2 Determination of Avaliable Lime (after extraction with sucrose solution) 
with standard acid 


Reagents Required 

1. Standard hydrochloric acid (N/10) 
2. Sucrose solution (10%) 

3. Phenolphthalein indicator solution. 


Theory 

A known weight of the sample is slaked by boiling with water (reaction 
7.2). Both calcium oxide and hydroxide are then extracted with sucrose 
solution and filtered. CaCOs, MgO and other impurities are left behind. The 


base in the filtrate is then titrated with standard acid using phenolphthalein 
indicator. 


OH +H — HO (7.6) 


Procedure 


led water to about 0.5 g accurately 
ple taken in an iodine titration flask 
few clean dry glass beads and about 


pper the flask and shake for 1 minute 
after every 5 minutes for a period of half an hour. Filter, by suction, through 


a Buchner funnel. Wash the residue 3-4 times with 10-mi portions of a 5% 
Sucrose solution. Collect the filtrate and washings in a 250-ml measuring 
flask and make up to the mark with boiled-out distilled water. Take 50 ml 
of this solution in a titration flask. Add 2 drops of phenolphthalein indicator 


and titrate with N/10 HCI solution until the pink colour disappears. Take 
concordant readings. 


Observations and Calculations 


Weight of sample taken =weg 


250 mi 


I 


Volume of lime solution prepared 
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Volume taken for each titration = 50 ml 
Let the concordant volume of N/10 
HCI used =Anl 
NiVi = N2V2 
(CaO) (AC) 
1 
Nı X 50 =— X 
1 10 A 
A 
N; ates 
a 10 X 50 
A 
an : ey } 
Therefore, strength of lime solution To x 50 X 28 g/l 
X x 
Weight of CaO in w g of the sample = à 5 5 iS g 
K ‘ _ AX 28 250 100 
% Available lime 1050 < 1000 T 
_ AX14 
w 


Precautions 
1. Same as for Experiment 7.1.1 (p. 168). 
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2, While adding the sugar solution to lime, the flask should be continuously 


rotated to avoid granulation of lime. 


Exercises : : è 
204. What is the function of sucrose in the experiment? 


205. What is the purpose of adding glass beads? 
206. 
method? á r 
207. (a) What is meant by slaking of lime? ] i 
(b) What are the factors that affect the rate of slaking reaction? 
208. How does long exposure 0! 


available lime? : j ( 
209. What is meant by the terms Milk of Lime and Lime Water? 


210. What is meant by ‘Soft’ and ‘Hard’ limes? 
211. How are limes classified? 


7,2 Plant Nutrients 


Why does MgO not interfere in the estimation of lime bv this 


f a lime sample to atmosphere affect its 


Of the various elements that are known to be essential for the proper 
growth and reproduction of plants, Nitrogen, Phosphorus and Potassium are 
required in relatively large amounts and so are known as major elements or 
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macro-nutrients. A deficiency of one or more of these elements in soil may 
limit the growth of a particular plant or crop and may thus decrease soil 
fertility. 


7.2.1 Nitrogen 


It is generally present in soil as ammonium and nitrate ions, and as organic 
nitrogen compounds. The NH; and NO; ions are not held firmly by soil and 
are easily leached away due to excessive irrigation or by rain water. The 
nitrogen content of soil therefore may get depleted either due to leaching or 
due to crop raising. 

It is estimated that a region with moderate rainfall receives 5 to 7 pounds 
of nitrogen (a solution of nitrogen oxides formed by lightening) per acre per 
year. This amount is much less than required and has to be supplemented by 


(a) Planting legume crops occasionally 
(b) Applying organic manures such as animal wastes or compost 
(c) Using commercial fertilizers: 
(i) Synthetic ammonia or one of its derivatives namely NH,CÌ, (NH;):SO,, 
NH;NOs;, NH,H>PO; (which provides phosphorus also) 

(ii) Other inorganic saltt—NaNO;, Ca(NO;), 

(iii) Nitrogen in the Organic from such as urea (NH2.CO.NH>) 

(iv) Calcium cyanamide which reacts with water slowly and forms urea 


CaCN2 + 3H20 — Ca(OH) + NEb. CO. NH, (7.7) 
For a proper and economical application of manures and fertilizers, a 
knowledge of their nitrogen content as well as that of the soil is necessary, 


7.2.2. Determination of the Total Nitrogen ‘Content of Soil, Manure or a 
Fertilizer 


Reagents Required 

1. Standard sulphuric acid (N/ 10) 
Standard sodium hydroxide solution (N/10) 
Sodium hydroxide solution (50%) 
Concentrated sulphuric acid 
Salicylic acid 

Zinc dust 

Potassium sulphate 

Anhydrous copper sulphate 
Sucrose 

10. Ferrous sulphate solution 

11. Methyl red indicator solution 

12. Red litmus paper. 


aO Gorn ty ot 


Theory 


In the absence of nitrate, nitrogen in the sample is determined by the same 
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procedure as used for coal (p. 130). Nitrate-nitrogen, however, is lost during 
digestion with conc. H>SOx: 

4NO; + 4H” — 4NO; + ©: + 2H2O0 (7.8) 
This loss is prevented by treating the nitrate-containing sample with a 
mixture of salicylic acid and conc. HSO; in cold, when the whole of nitrate 
is used up in nitrating salicylic acid: 

OH OH 
COOH COOH 


+ NO; + T +H20 (7.9) 


NO- 
(Nitrosalicylic acid) 


Zinc dust is then added which reacts with sulphuric acid to produce nascent 
hydrogen which reduces nitrosalicylic acid to amino salicylic acid: 


Zn+ 2H —> Zn* + 2H (7.10) 
OH | Os! 
COOH COOH 
eu 6H, + 2H,O (7.11) 
Í | 
NO; NH: 


The latter is decomposed during digestion with conc. H>SO,, forming 
ammonium sulphate: 


p 
COOH 


+ 27H:S07 +> (NH;)2SO; + 14C0O: + 26SO, +30H20 
i (7.12) 


NH: 


During the digestion stage, nitrogen in other forms (ammoniacal nitrogen 
and organic nitrogen) is also converted to ammonium sulphate. Distillation 
with NaOH and absorption of liberated ammonia into standard acid followed 
by back titration of excess of acid completes the total nitrogen determination 


(p. 131). 
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Procedure 


(a) Detection of nitrate 

Shake about 5 g of finely ground representative sample with about 25 ml 
of hot distilled water and filter. To 1 ml of this solution ina test tube, add 1 
ml of freshly prepared ferrous sulphate solution and cool. Add along the sides 
oj the tube a few drops of conc. H:SO,, taking care not to disturb: the 
solution. Formation of a brown or a reddish-coloured ring at the junction of 
the two liquids indicates the presence of nitrate. ` 


(b) Determination of Nitrogen 

When nitrate is absent, proceed as for the determination of nitrogen in 
coal (p. 130), in the presence of nitrate, proceed as under: 

Transfer a known weight (0.5-5 g, depending upon the nitrogen content) 
of the sample into a Kjeldahl’s flask. Mix 2 g of salicylic acid with about 40 
mi of conc. H:SO; in a beaker and add the acid mixture to the Kjeldahl’s 
flask. in one lot so that it covers the whole of the sample at once. Immerse 
the flask in cold water and allow the reaction to proceed for about half an 
hour, occasionally shaking the reaction mixture. Take out the Kjeldahl’s flask 
from the cold bath and add 1-2 g zinc dust in small portions with constant 
shaking. When the reaction subsides, heat gently until the frothing ceases. 
Add about 10 g of K2SO, and either 0.2 g of Se powder or 0.5 g of 
anhydrous CuSO, or 0.3 g of cupric selenite dihydrate (CuSeO,. 2H20), 


followed by about 10-15 ml concentrated SO; and proceed as described 
on page 131. 


Precautions 

l. An appreciable rise of temperature durin 
with sulphuric acid-salicylic acid mixture shoul 
loss of nitrogen. 

2. See precautions 1 to 6 (page 131), 


g the digestion of the sample 
d be avoided as it may lead to 


Observations and Calculations 
Same as for nitrogen in coal (see page 131-2). 


Exercises j 
212. How does the slow addition of acid-mixture to the nitrate sample 
affect the determination? 


213. Name some-other organic comp 
the conditions of the experiment 

214, Name some other reagent that is employed in place of zine for the 
reduction of nitrosalicylic acid, 

215. What is meant by ‘Crop Rotation’? What is its advantage? 

216. What is ‘Organic Farming’? What are its advantages? 

217. What is compost? How is it obtained? 

218. What is the effect of appli 


ounds that form nitroderivatives under 


cation of excess fertilizer? 
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7.2.3 Phosphorus 


On an average. a ton of good soil holds about a pound of phosphorus. 
The whole of this phosphorus may not be in a form that can be taken up by 
the plants, yet the determination of the total phosphorus content of the soil is 
important because a decrease in it will point to a fall in the availability of 
phosphorus to plants. Luckily, the orthophosphate ion, which is an avaiiablé 
form of phosphorus, is held tenaciously by the soil and is not easily removed 
by leaching as is the case with nitrate, chloride and sz!phate. However, with 
the introduction of intensive agriculture, more and more phosphorus is taken 
up by the plants into their foliage and fruits and, as it is not replenished by 
nature, its deficiency has to be overcome by the application of a fertilizer 
containing calcium phosphate and/or ammonium phosphate. The usefulness 
and the value of a fertilizer will depend on its phosphorus content and hence 
the need for its determination. 

Phosphate rock is the principal raw material for the manufacture of 
superphosphate, a water soluble mixture of Ca(H>PO,). and CaSO,, which 
is obtained by treating finely ground rock phosphate with roughly an equal 
amount of sulphuric acid. Determination of Ca;(PO,)> content of the phos- 
phate rock is essential for fixing the price of the rock and for exploring the 
economic feasibility of the manufacture of superphosphate from the rock. 


Preparation of Solution 


(a) For Soil and Fertilisers-Take about 2 g of accurately weighed and 
finely ground representative sample in a‘ Kjeldahl’s flask and add about 25 
mi of conc. HNO3. Boil gently for about half an hour to remove all the 
easily oxidisable organic matter. Cool and add about 15 ml of 70% perchloric 
acid. Boil again until the solution becomes almost colourless and dense white 
fumes appear. Continue boiling for another 5 minutes and cool slightly. Add 
about £0 ml of distilled water & boil for a few minutes. Cool and filter into 
a 250-ml measuring flask. Wash the residue with hot water and make up the 
volume upto the mark. 

When organic matter content is small, the following method with aqua 
regia may be adopted: 
(b) For Phosphate Rock-Take about 2 g of accurately weighed and finely 
pulverised (to pass a 60-mesh sieve) tepresentatiye sample of phosphate rock 
in a 250-ml conical flask. Add about 25 ml dilute aqua regia (1 part conc. 
HCI + 1 part conc. HNO; + 2 parts distilled water) and boil gently until 
the evolution of brown fumes stops. Cool and filter into a 250-ml measuring 
flask. Wash the residue with hot distilled water and make the volume upto 


the mark. 
7.2.4 Determination of Phosphate Content of the given soil exiract, fertilizer 
solution or phosphate rock solution 


Reagents required Pm 
1, Standard hydrochloric acid ( N7190) 
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Standard sodium hyaroxide solution (N/10) 
Ammonium molybdate solution (5%) 

Conc. HNO; 

Ammonium nitrate 

Potassium nitrate solution (1% or 0.1 M) 
Pheno!phthalein indicator solution 

Methyl red indicator solution. 


ONAN PWN 


Theory 

When an excess of ammonium molybdate solution is added to the phos- 
phate solution in the presence of nitric acid, a yellow precipitate of varying 
composition from (NH4), PO4. 12MoO; to (NH); PO;. 12MoO;. 2H>O 
is obtained. Upon suitably washing the precipitate with dilute KNO: solution 
the acid is completely removed and the precipitate is converted to ammonium 
phospho-molybdate with the composition (NH); PO;. 12MoO;. 


PO} + 3NHi + 12MoO; +24H° —>(NH:):PO.: 12MoO,+ 12H:O (7.13) 


The washed precipitate is then treated with a known excess of standard 
NaOH which dissolves the precipitate as per the following reaction: 


(NH4),;PO4- 12MoO; + 23NaOH — 
11 Na2MoO, + (NH4): MoO, + NaNH,HPO,; +11 H:O (7.14) 


The excess of NaOH is titrated with standard acid using phenolphthalein 
indicator. The amount of phosphate in the given solution is calculated from 
the volume of the standard alkali consumed, using the reaction (7.14) which 


indicates that 1 gram-atom of phosphotus is equivalent to 23 gram-moles 
of NaOH. 


Procedure 


Pipet out 20 ml or a suitable aliquot (corresponding to 12-50 mg POs) of 
the given solution into a 250-ml glass-stoppered flask. Add about 8 z of 
NHNO; and 5 ml of concentrated HNO;. Shake to dissolve and dilute to 
about 100 ml with distilled water. Take about 50 ml of a freshly prepared’ 
5% ammonium molybdate solution into another flask. Heat both the solutions 
on a water bath to a temperature of 40-45°C and, while shaking continuously. 
add the ammonium molybdate solution slowly to the phosphate mixture A 
yellow precipitate appears. Now fit the flask with the glass stopper. shake 
vigorously for about 10 minutes and allow to stand for half an hour on the 
water bath (40-45°C). Filter by decantation through a Whatman filter paper 
No. 5. Now transfer, as far as possible, the precipitate to the filter ape and 
wash the flask and the precipitate repeatedly with samll amounts of 1% 
KNO; solution until the filtrate is no longer acidic. Now return the precipitate, 
together with the filter paper, to the flask in which precipitation was carried 
out. Add with a pipet, 40 ml of N/10 NaOH solution. Stopper the flask and 
shake to dissolve the yellow precipitate (If the whole of the precipitate is not 
dissolved, a further measured amount, say 10 ml, of N/10 NaOH should be 
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added). Dilute to about 100 ml, add 2-3 drops of phenolphthalein indicator 


and titrate with N/10 HCI until the pink colour is completely discharged. 


Precautions 


(1) Perchloric acid should not be added ta samples containing easily 
oxidisable organic matter, otherwise an explosive reaction might take 


place. 


(2) If there is a turbidity in the ammonium molybdate solution, it should 


be filtered before use. 


(3) The temperature of the solution should not be allowed to go beyond 


45°C, 


(4) The washing liquid should each time be taken first in the flask in 
which the precipitation was carried out, well shaken so that the whole 
of the inner surface of the flask and any precipitate sticking to it is 
thoroughly washed and then it should be poured over the precipitate 


on the filter paper. 


(5) A second fraction of the washing liquid should be used only when the 


first fraction has completely passed through the filter paper. If the two 


fractions are allowed to mix, the washing will remain incomplete. 


(6) The standard sodium hydroxide solution must be free from sodium 


carbonate. 


(7) The alkali solution should be added to the flask through the funnel in 
which filtration took place so as to dissolve any precipitate remaining 


on its sides. 
(8) The funnel then should be rinsed into the flask with distilled water. 


Observations and Calculations 


Weight of the sample taken =Weg 
Volume of the extract prepared = 250 ml 
Volume of extract taken for determination = 20 ml 
Volume of N/10 NaOH added = 40 ml 
Volume of N/10 HCI used for titrating excess 

of alkali =Aml 


Hence volume of N/10 NaOH left unused = A ml 


Or volume of N/10 NaOH consumed by 
ammonium phosphomolybdate obtained 


from 20 ml of extract = (40 — A) mi 

From reaction (7.14) 

23 g-mole of NaOH = Ig mole of (NH;);PO,.12Mo0; 

or 23 litres of 1 N NaOH =31gP=712P0, 
71 


Or 1 litre of N/10 NaOH = g P20; 


23 X 10 
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eel (40—A) 
or (40—A) ml N/10 NaOH =33 x10 x 000 Ê P30; 


Hence phosphate content of 


; Zl (40—A) 
20 ml of extract = 33K 10 x 1000 g P20; 

SUR Al (40—A) _, 1000 ‘ 
or strength of extract = 33x10 1000 x 20 g P2Os/litre 
or % of P>Os in soil 

or ae ett (40—A) _, 1000 250 100 
oe fertilizer 73 X10 x 1000 x 20 x 1000 s 
oo Al (40—A) 
= SES gc 
Results of phosphate rock are generally reported in terms of % of Ca3(PO,)>. 
PO; = Ca3(POs)> 
(142) (310) 
71 155 

5 Š 

Strength of extract = pa CUZA) 1000 


Ti 23 X 10 1000 x a g/l of Ca;(PO,), 


% of Ca:(PO4) in the phosphate rock = ISS x (40-A) X 1.25 
23 X 10 w s 


Exercises . 

219. Why is it necessary not to heat the solutions above 45° C? 

220. The filtrate from the ammonium phosphomolybdate precipitate is 
yellow coloured. What does it indicate? 


221. What test should be performed to be sure that the filtrate contains no 

s acid? 

222. What is a fertilizer? 

223. List the elements known to be essential for plant growth. 

224. What is meant by N-P-K value of a fertilizer? 

225. What is the general composition of a phosphate rock? 

226. What does B.P.L. stand for? 

227. What is meant by available or assimilable phosphorus? 

228. How is citrate-insoluble phosphorus determined? 

229. List the forms in which nitrogen, phosphorus and potassi 
generally absorbed by plants, Peps te 


7.3 Bleaching Powder 


Bleaching powder, also called ‘Chi 
most commonly used material fo 
and linen. It is a very important 


oride of Lime’ or Bleach, in trade, is the 
r bleaching cellulose, cotton yarn & textile 
and cheap commercial product, used widely. 
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as a disinfectant for potable water, for making wool unshrinkable, in petrol- 
eum refining, in the manufacture of chloroform, in the laboratory 2 a source 
of oxygen & chlorine, and as an oxidising agent. 
It is prepared by passing chlorine gas over slaked lime at a tem 

35-45° C (considerable amounts of chlorate being formed at Sa 
ture). Majority of its reactions can be conveniently explained by assuming it 
to be a mixed calcium hypochlorite-chloride [Ca(OCI)Cl]. However, X-ray 
examination has shown bleaching powder to be a mixture of calcium 
hypochlorite [Ca(OCl)2.4H2O] and basic calcium chloride 
[CaCh.Ca(OH)>.H2O], some free slaked lime being also present. Hypochlorite 
is the actual constituent which is responsible for liberation of Cl, when 
bleaching powder is acidified: 


ocr + Cl + 2H’ — Ch+ HO (7.15) 


The bleaching, oxidizing or disinfecting value of a sample depends on the 
percentage of chlorine thus liberated, i.e., grams of chlorine liberated from 
100 grams of the sample when treated with dilute acid. This is referred to as 
‘Available Chlorine’ or ‘Bleaching Chlorine’ and forms the basis on which 
bleaching powder is marketed. . 

Continuous decomposition of bleaching powder during storage is its chief 
drawback. Being hygroscopic, it absorbs moisture from atmosphere and 


evolves chlorine: 
ocr + cr + Ca™ + HO — Ch + Ca(OH) (7.16) 
Due to this deterioration on standing, a sample of bleaching powder may 


always contain less amount of chlorine than what is expected and therefore; 
before use, every sample must be analysed for its effective or available 


chlorine. f 


7.3.1 Determination of the percentage of ‘Available Chlorine’ in a given 
sample of Bleaching Powder by Bunsen’s Method 


Reagents, Required 
1, Standard sodium thiosulphate solution (N/10) 


2 Potassium iodide solution (10%) 
3. Dilute HS0; ; 
4. Freshly prepared starch solution. 


Theory 
The bleaching powder solution or suspension is treated with an excess of 


KI solution and then acidified with dilute H2SO.: 
OC! + 2H’ + 2e — Cl +O 
2. — h+2e 


oct +21 +28 — CI + bF HO (7.17) 
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The liberated iodine is titrated with a standard solution of sodium thio- 
sulphate, using starch solution as indicator near the end-point: 


I+ 2e — 2 
28.03 — SO? + 2e 


I, + 28:03 — 21 +S} (7.18) 


Procedure 

Remove and discard outside layer of the sample (which may have lost 
some chlorine). Mix the sample well, quickly transfer to a stoppered bottle 
and weigh. Transfer about 4 g of it to a porcelain mortar and weigh the 
bottle again. Put some distilled water on to the sample in the mortar and 
with a pestle rub the mixture to a smooth cream. Add more water, grind 
with the pestle, let settle for a while and decant the milky solution into a 
500-ml measuring flask. Grind the residue with more water and pour off the. 
liquid into the measuring flask as before. Repeat the operation until the 
sample is quantitatively transferred to the flask. Add distilled water to make 
up the volume upto the mark and mix well. 

Transfer 50 ml of the above solution or Suspension (with a mechanical 
pipet, burette or a measuring cylinder) to a 250-ml conical flask containing 
about 25 ml of a 10% solution of KI, Add 10 ml of dilute H>SO, and run 
in, from the burette, standard N/10 Na2S2O; solution until the colour of the 
solution becomes very light yellow. Add 2 ml of freshly prepared starch 
solution, mix and complete the titration to the disappearance of blue colour. 
Repeat to get concordant readings. 


Precautions 

(1) During weighing, the sample bottle should bi 
chlorine evolved due to the decomposition 
the material of the balance. 

(2) The solution, being unstable, should be titr. 
preparation. 

(3) The solution should be well shaken b 
for titration. 

(4) Chlorine vapours being harmful, the sol 
the pipet with mouth. 

(5) The bleaching powder solution should not be acidified in the absence 
of KI otherwise some chlorine will be lost. 

(6) If iron is present in the 
place of HSO; to prevent 


e kept stoppered otherwise 
of the sample may corrode 


ated immediately after its 
| 
efore each aliquot is withdrawn 


lution should not be sucked into 


sample, phosphoric acid should be used in 
the reaction of iron with iodide. 


Observations and calculations 
Initial weight of the sample bottle = Wg 


Final weight of the sample bottle =wg 
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Weight of sample taken = (wi — wo) g 
Volume of solution prepared = 500 ml 
Volume of solution taken for 
each titration = 50 ml 
Concordant volume of N/10 
Na>S2O; used = Aml 
NVi = NoV2 
(Bleaching Powder) (Na2S203) 
1 
x =— 
N, X 50 10 XA 
A 
oF a ~ 10X50 
Therefore amont of chlorine A x 355 
per litre of the solu 10 x 50 
i A X 35.5 500 100 
I i = x 
or % Available Chlorine 10 x 50 1000 ai) 
_ AX3.55 
(wi = W2) 
Exercises 
230. Write the ionic reaction representing the formation of bleaching 
powder. 


231. Explain why starch-iodine blue colour reappears after the end-point if 
acetic acid is used instead of sulphuric acid for acidification. 

232. In this estimation, can HbSO; be replaced with HCI? 

233: Outline the method that is considered to be more accurate than the 
iodometric method. 

234. What is meant by bleach liquor? How is it prepared? 

235. Describe the process of bleaching cloth. 

236. List the important specifications for a good bleaching powder. 

237. What is the French Scale for reporting the strength of a bleaching 


powder sample? 
238. List some other reagents that are commonly used as bleaching agents. 


7.4 Surface Tension 


The molecules present in the surface of a liquid experience a resultant 
downward pull because the number of molecules below the surface, i.e., in 
the bulk of the liquid is much larger than the number of molecules above it, 
i.e., in the vapour phase. Consequently, the molecules in the surface tend to 
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be drawn inside, with the result that the liguid surface tends to contract and 
behaves as if it were in a state of tension. This tension or force which acts 
along the surface of the liquid, uniformly in all directions, is known as 
Surface Tension. Numerically, it is equal to the force in dynes/cm acting 
along the surface at right angles to any imaginary line in the surface and is 
designated by y (gamma). 

_ As a consequence of surface tension, the drops of a liquid or bubbles of a 
gas are spherical in shape—rain drops and. mercury drops are common 
examples. Smaller drops coalesce to give bigger drops because the process 


involves decrease in surface area (The phenomenon is utilized in collecting 
split Hg droplets). 


of plants to the twigs and leaves. Surface tension of a lubricant is important 
in capillary or wick lubrication methods. 

High surface tension leads to superheating and bumping or Spurting during 
boiling (Sugar and starch increase the surface tension of water and are 
mainly responsible for bumping in cooking pots). Decrease in surface tension 
of water, due to certain salts or oiis in the boiler, helps in the rapid 
formation of steam bubbles but may lead to priming and foaming (wet 
steaming) which is prevented by spreading on the Surface of water a layer of 
castor oil which increases the surface tension, 

Surface tension of the liquid is utilized in transferrin 
condenser to the evaporator in the heat: 
recovery, 

Surface tension measurements were used for investi 
tures through parachor values. The method is no longe: 


g the liquid fron the 
-pipe exchanger for waste heat 


gating molecular struc- 
T in use, 


Measurement of Surface Tension 
The capillary risë method for me: 
used to get most accurate result in 
is extremely laborious, time consu; 
liquid. 
Of the methods based on com 
Surface tension, the torsion balance 


asurement of surface tension, though it is 
absolute terms, is not in common use as it 
ming and requires a large amount of the 


The Drop Number Method, because of its 
good degree of reliability, is commonly employ 
of surface tension. 


Practical convenience and a 
ed for laboratory measurement 


ee Imami = p Tr aaa 
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7.4.1 Determination of Surface Tension of a liquid, say CCl, benzene, 
alcohol, etc., by Drop Number Method 3 j 


Theory 

The method is based on the principle that when a liquid is allowed to 
pass through a capillary tube, held vertically, at such a slow speed that the 
drops fall off the tip of the capillary under their own weight and are not 
pushed away by the kinetic force of flow or vibrations, the weight of a drop 
is approximately proportional to the surface tension of the liquid. Thus, if 
two liquids with surface tensions yı and yə are passed through the same 
capillary tube, then 


sai as (7.20) 
where wi and wz are mean weights of their drops falling off the capillary 
end. 

It is often more convenient to count the number of drops formed from a 
given volume of a liquid than finding the weights of single drops. Let nı and 
n> be the number of drops produced when equal volumes (V m!) of the two 
liquids are allowed to fall through the same capillary. Then, 

y 


ny 


the mean volume,of a drop of one liquid ` = 


and the mean volume of a drop of the second liquid 


If dı and də respectively be the densities of liquids 1 and 2, then the mean 
weights w: and w2 of their drops are given by 
y Vv 
w = Pi dı and w: = d: 
nı n> 


Then from equation (7.20) 


yı wi MA m nod) 
— =— = nee Sea 7.21 
i y% w2 ny Vd) nmd: gea 


One of the liquids is usually water whose surface tension and density, at 
different temperatures, are accurately known. The density of the liquid under” 
test may be determined by specific gravity bottle. 

The capillary tube, through which the drops of the liquid fall, forms the 
lower part of a pipet - as shown in Figure 13-and is then called a Drop 
Pipet or Stalagmometer. 


Requirements 

1. A wide-mouth receiving bottle with a tightly fitting rubber stopper 
having two holes through which pass a stalagmometer and a glass tube 

2, A small rubber tubing with a screw-pinch-cock 


3. A clamp stand 
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Fig. 13 Measurement of Surface Tension. 


A—Wide mouth receiving bottle F—Screw-pinch-cock 
B—Tightly fitting rubber stopper G—Thermostat 
C—Stalagmometer H—Liquid under test 
D—Glass tube I—Clamp 


E—Rubber tubing T;—Thermometer 


4. A thermometer 

5. A thermostat (or a beaker full of water) 

6. Distilled water, and 

7. The liquid whose surface tension is to be measured, 
Procedure 


Thoroughly .clean the stalagmometer and the Teceiving bottle, first with 
alkali and then with chromic acid mixture. Finally, rinse several times with 
distilled water. To the top of the stalagmometer, attach the Tubber tubing 
with the screw-pinch-cock. Immerse the lower end of the stalagmometer into 
distilled water and suck through the rubber tubing until the level of water 
rises above the mark X. Close the screw-pinch-cock and fit the rubber 
Stopper carrying the stalagmomeier and a glass tube into the mouth of the 
receiving bottle. Place the whole assembly in the thermostatic bath and hold 
the stalagmometer vertical with the help of a clamp. Allow the stalagmo- 
meter to attain the temperature of the bath. Slight! 


y open the screw-pinch- 
cock and count the number of drops as the liquid ai 


meniscus falls from the 
Bsa X to the mark Y. Repeat the process to record a number of observa- 
ions. 


Take out the whole assembly from the bath and dismantle the stalagmo- 
meter from the receiving bottle. Rinse the stalagmometer, the glass tube and 
the bottle with alcohol and dry. Now fill the stalagomometer with the liquid 
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under test, mount it onto the receiving bottle and replace in the bath 
Determine the number of drops for the fixed volume of the liquid betwee l 
the two marks X and Y. as with water. Repeat to take a numb E 
readings. Record the temperature of the bath. are 


For determination of density 


Properly clean the specific- gravity bottle. rinse it with water, dry and 
weigh. Now fill it with distilled water and weigh. Empty the bottle. rinse 
with alcohol and dry. Fill it with the liquid under test and weigh. c's 


Precautions 


(1) After washing the stalagmometer perfectly free from any trace of 
grease, it should be ensured that its tip does not come in contact with 


hands or the working table. 
(2) While closing the screw-pinch-cock, care should be taken that the 


liquid meniscus does not fall below the mark X. 
(3) The number of drops per minute should not exceed 10, otherwise they 


may not be properly formed. 
(4) While counting the drops, all vibrations or disturbances of the stalagmo- 


meter should be avoided. 

(5) To avoid evaporation from the surface of drops, a small amount of the 
liquid should be taken in the receiving bottle and the drop formation 
should be close to the surface of the liquid. 

(6) As far as possible, the temperature of the bath should remain constant. 

(7) Only those observations should be taken into account for which the 
drop numbers do not vary by more than 0.5. 


Observations and Calculations 


Temperature of bath =tc 
Surface tension of water at t° C =y 
Weight of empty specific gravity bottle = wg 
Weight of specific gravity bottle + water = wg 
Weight of specific gravity bottle + liquid =wig 
i iquid d — 
Therefore, Density of liqui Sys Sea 
Density of water do W2 — Wi 
i a A- l CN di na 
Surface tension of the liquid yı = REY eh ay (7.21) 
2 ni 
Z: W3 — Wi n: 
=y A = 
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Liquid No. of drops Mean 


from fixed volume 


Water 


Test Liquid 


PWN AUNE 


Exercises 

239. Why is the lower end or tip of the stalagmometer flattened? 

240. What is the function of the narrow Capillary in the stalagmometer? 

241. Why is the stalagmometer tube graduated above and below the bulb? 

242. What is the glass tube meant for? 

243. What is the effect of temperature on the surface tension of a liquid? 

244. What is Interfacial Tension? 

245. Why is the value of interfacial tension between two immiscible 
liquids less than the value for the liquid with higher surface tension? 

246. What is parachor? 

247. What are surface active agents? 

248. What is surface energy? 


8 


Answers to Exercises - 


1. A primary standard is a substance that is available in pure state, or 
whose purity with respect to the active component is known, aad 
remains stable during storage, drying and weighing so that its standard 
solution (a solution of definite normality) can be prepared by diluting 
its accurately weighed amount to a definite volume. 


Examples 
(i) For acid-base reactions: 
(a) NaCO: (Mol. wt. 106, Eq. wt. 106 for half neutralisation and 
53 for complete neutralisation), 
(b) Sodium tetraborate, Na>B,O7.10H2O 
(Mol. wt. 381.42, Eq.wt. 190.71) 
(c) Potassium hydrogen phthalate, KH.Cs H4O; 
(Mol. wt. and Eq. wt. 204.22). 
(ii) For precipitation reactions: 
(a) AgNO; (Mol. wt. and Eq. wt. 169.89) 
(b) KCI (Mol. wt. and Eq. wt. 74.557) 
(c) KSCN (Mol. wt. and Eq. wt. 97.185). 
(iii) For redox reactions: 
(a) KsCrO; (Mol. wt. 294.22, Eq. wt. 49.035) 
(b) Sodium oxalate, Na:C20; 
(Mol. wt. 134.01, Eq. wt. 67). 


(iv) For complexometric titrations: : 
(a) Disodium salt of EDTA (Mol. wt. 372.25, Eq. wt. 186.125) 


(b) CaCO; (Mol. wt. 100, Eq. wt. 50) 


2. A solution of slightly higher concentration than desired (say N/8 or 
N/9) is first prepared. It is then standardised by titrating against a 
standard solution of a suitable primary standard. The solution of 
definite nortmality is then prepared by appropriate dilution. 


“3. Strength of sodium oxalate solution = 3.35 g/1 


Eq. wt. of sodium oxalate = 67 
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3.35 
Normality of sodium oxalate solution, N; = 67 
Sal 
~ 20 
Volume of sodium oxalate solution taken V; = 20 ml 
Volume of unknown KMnO; solution used, V2 = 19 ml 
NV; = NoV> 
(Sod. oxalate) ? (KMnO,) 
l =N: X 19 
S K) 2 
20 JIA i 
Therefore, N2, the normality of the given solution = 19 
1 
Normality of desired solution, N3 = 5 
Volume of the solution desired, V, = 500 mi 
Let the volume of the given 
KMnO; solution to be diluted Sml 
Then N: V: =N,V A 
l 1 
719 2 = Fs, X 500 
i. 5 
1 
Sista Ned x1 = 
or V2 0 500 x 19 475 ml 


Thus, 475 ml of the given solution should be diluted to 500 ml to get 

N/20 KMnO;. 

4. Solutions Prepared in boiled-out distilled water are more stable, i.e., 
they can be stored for much longer durations without any appreciable 
change in strength because boiling of water 

(i) Removes dissolved oxygen which 
with many reducing agents. 
(ti) Removes dissolved carbon 
tions and may slowly deco 

(iii) Destroys bacteria that ma 

biochemical activity. 


when present may slowly react 


dioxide which interferes in acid-alkali reac- 
mpose many reagents, 


y slowly deteriorate many solutions due to 


5. 20 g of NaOH pellets are di 
water by stirring with a glass 
glass tube, closed with a sto 
stand undisturbed. Sodium 
solution of sodium hydroxi 


ssolved in 20 ml of boiled-out distilled 
tod. The solution is transferred to a pyrex 
pper Covered with tin foil and allowed to 
carbonate, being insoluble in a concentrated 
de, settles down. To Prepare approximately 


Answers to Exercises 187 


N/10 NaOH, about 8 ml of the supernatant liquid is taken out with a 
graduated pipet and diluted to 1 litre with boiled-out distilled water. 
{Exact normality is determined by standardisation with potassium 
hydrogen phthalate]. 


Because the permanganate solution is decomposed by the organic 
matter present in both the filter paper and the rubber tubing. 


(a) The concentration equilibrium constant 


Ke [H] X [M]” X.... 
> [AVX [By xX... 


and the partial pressures equilibrium constant 
— [pL]! X {pMy" x... 
[PAF X [pB] X... 
(b) Kp = K: X (RT)*” 


where, An = No. of moles of gaseous products — No. of 
moles of gaseous reaetants 


R 
T 


Gas constant z 


Absolute temperature 


(a) The rates of forward and backward reactions are equal. 
(b) The free energy of the reactants is equal to the free energy of the 
products, i.e., the free energy change of the process is zero. 


Equilibrium is characterized by constancy of some properties but it is 
not the only requirement. When some of the properties of a system are 
constant but equilibrium does not exist, the system is said to be in a 
steady state. In the experimental determination of calorific value of a 
gaseous fuel by Boy’s Gas Calorimeter, the following conditions charac- 
terise the steady state: 


(a) Air/fuel mixture under constant pressure burns at a constant rate. 

(b) The rate of flow of water through the copper tubing becomes 
constant. 

(c) The inlet and outlet temperature becomes constant. Though the 
temperature is not uniform throughout, it does not change with 
time. 


However, it is an open system; the fuel and air are continuously 
entering, chemical change (combustion) is taking place and the products 
of combustion (CO2, H:O & N>) are continuously leaving the system. 
Equilibrium can exist only in a closed system (a constant amount of 
matter) at a uniform temperature. 
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10. 


Another example of Steady state is boiling of water in an open pan 
at constant temperature. The vapour pressure of water remains constant 


(equal to the atmospheric pressure) but the amount of water in the pan 
is continuously decreasing. 


(a) A positive value of AH indicates that the dissociation of N>O, (a 
colourless gas) to give NO» (a gas with a reddish-brown colour) is 
an endothermic reaction, i.e., it proceeds with absorption of heat. 
Heating the above system will tend to raise its temperature. In 
accord with Le Chatelier’s principle, the equilibrium should shift 
in the forward direction so that a portion of heat that caused the 
temperature rise is absorbed. The forward shift will lead to 
formation of more NO» and therefore an increase in the intensity 
of the reddish-brown colour is expected. Similarly, on cooling a 
reversal of the above process is expected, i.e., the intensity of the 
teddish-brown colour should decrease. 


(b) That the predictions are correct can be shown by taking two 
identical glass bulbs (100-ml round-bottom flasks may be used), 
filling them to equal pressure of NO» and closing with tightly 
fitting stoppers. On immersing one of the bulbs (A) in ice-water 
aud the other (B) in boiling water, it is seen that intensity of 
colour in bulb A starts fading while in B it Starts intensifying, If 
the two bulbs are now taken out and immersed in the same 
water bath at room temperature, it is seen that the intensity of 
colour in A increases and that in B decreases until the two bulbs 
have identical colours. 

it must, however, be ensured that initial 
the concentrations) of NO; i 
and sufficient time should be 
reached. 


pressures (and therefore 
n the two bulbs are exactly equal, 
allowed for the equilibrium to be 


Na(g) + 3H:(g) == 2NH:(g), AH = —22 Kcal 


represents the well-known industrial process (Haber process) for the 
manufacture of ammonia. 


(a) Effect of pressure: Increase in pressure over a system decreases 


the volume. The total number of moles per unit volume therefore 
increases. This change can be counteracted in part if some Nə 
combines with H> to form NH, (as production of ammonia 
represents a decrease in moles from 4 to 2). Therefore, in 


12; 


(b) 
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accordance with Le Chatelier’s principle, increase in pressure will 
increase the yield of ammonia (Increase in pressure shifts the 
equilibrium in a direction in which the total number of moles of 
gaseous substances decreases). As it is. expensive to build high 
pressure equipment, a compromise pressure of 350 atmospheres is 


chosen. 


Effect of temperature: Increase in temperature of a system at 
equilibrium makes the reaction proceed in a direction in which 
heat is absorbed [Ex. 10(a)]. In accord’ with Le Chatelier’s prin- 
ciple) therefore, rise in temperature will favour dissociation of 
ammonia and will thus lead to decrease in yield. At low tempera- 
ture, however, the rate of reaction decreases. So, a compromise 
temperature of 500°C is chosen and a catalyst (Fe) is used to 
further raise the rate of reaction. 


(i) Formation of insoluble substances: Use is made of the knowledge 


(a) 


(b) 


(c) 


(ii) 


of solubility product principle, solubility product constant and the 
common ion effect. 


Examples 
Removal of metal ions from industrial wastes: 
Cu + Ca(OH)» >=> Ca" + Cu(OH); | 
(Ko = 8 X 10°) (Ksp = 2 X 10") 
Zn” + Ca(OH); =~ Ca” + Zn(OH) | 
(K,p= 3X 10) 
Water softening by lime soda. process, 
Mg” + Ca(OH); =~ Ca” + Mg(OH): | 
(Ky = 9X 10°”) 
: Ca” + NaxCO;==~2Na® + CaCO; | 
(Ky, = 5X10”) 
Phosphate conditioning of boiler-feed water: 
3CaSO, + 2Na,PO; —=—6Na* + 380: + Cax(PO,): | 
(Ky = 2X105) (Ky = 1X10”) 


Addition of a reagent that will combine with one of the ions to 
form a weakly ionized compound 


Examples 


(a) 


Neutralisation of acid and alkali: 
NaOH + HCI===Na’ + Cl + H:O 
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(b) Dissolution of precipitate of metal hydroxides; 
Fe(OH); + 3H’ == Fe” + 3H50 


(iii) Formation of complexes 
(a) Dissolution of precipitates: 

AgCl\(s) + 2NH:OH => [Ag(NH:):] + Cl + 2H>0 
Cu(OH)2(s) + 4NH,OH —= [Cu(NH;),]** + 20H + 420 
Zn(OH)2(s) + 4NH;OH = [Zu(NH;):]" + 20H + 44.0 

(b) Removal of cyanide from industrial wastes: 
FeSO; + 6CN ==> [Fe(CN}] + SO}- 
Fe” + K* + Fe(CN) => KFe[Fe(CN),] 
(iv) Formation Of @ gaseous product: The gas formed leaves the 


sphere of reaction and the reaction is forced to completion, e.g., 
dissolution of metallic sulphides such as FeS in HCI 


FeS + 2H = Fe* + HS 


(v) Oxidation and reduction: One or more of the ions involved are 
destroyed, e.g., oxidation of cyanide in industrial wastes by chlori- 
nation in alkaline medium: 


2CN + 5Cl: + 80H =~ 10CI + 2CO,+ 4H20 + N, 


13. Ammonium hydroxide does precipitate both Cu” 


and Zn*’ as the 
corresponding hydroxides: * 


Cu” + 2NH,OH == Cu(OH):(s) + 2NHi 
Zn” + 2NH;QH => Zn(OH)>(s) + 2NH; . 


but excess NH4OH reacts with the preci 


Pitates dissolving them by 
forming complexes (Ex. 12(iii)a}. 


14. Reactions in which the products 


do not combine to Teproduce the 
reactants are termed as irreversible T 


eactions. 


Examples 


(i) The decompostion of KCIO; into 


d potassium chloride and oxygen 
even in a closed vessel: 


2KCIO,(s) —> 2KC\(s) + 30; (g) 
KCl and O: do not react to form KCIO;. 
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(ii) The decomposition of ammonium nitrite: 
NH:NO,(s) $ N:(g) + 2H20(g) 
N2 and H: O (g) do not react to form NH;NO>. 


15. The volume of HIO; added to flask B is 10 ml more than that added 
to flasks A and C. Therefore, addition of 10 ml less distilled water to 
flask B gives same volume of the total solution and hence the same 
bisulphite ion concentration in all the three flasks. 


16. Addition of more water will decrease the concentration of both the 
reactants (HIO, and NaHSO;). This is expected to reduce the rate of 
reaction and appearance of blue clour should by delayed. 


17. Many reactions are known to occur in two or more elementary steps. 
In such cases, the product(s) of one step become (s) the reactant (s) for 
the next step. Such. reactions are known as consecutive reactions or 
complex reactions. 

The rates of the various steps generally differ from one another. It is 
apparent that the rate of the overall reaction cannot be faster than the 
| step which takes place at slowest rate. The slowest step, in the sequence 
of various steps, is called the ‘rate-determining’ step because its rate 
will be approximately equal to the rate of the overall reaction. This 

approximation is called the Principle of bottle-neck. 
In the reaction between HIO: and NaHSO;, the rate-determining 


step is 2.17: 
| 3HSO; + HIO; — 3HSO;.+ HI 


18. A clock reaction consists of a series of consecutively occurring reactions. 
| The reaction goes on for a period of time without giving any evidence 
of its occurrence until a suddens colour change or formation of a 
preipitate indicates that the reaction has gone to completion. The 
reaction between HIO: and NaHSO; is a clock reaction whose comple- 
tion is indicated, in presence of starch solution, by the sudden appear- 
ance of the blue-black colour. 


19. The saw dust which is produced in considerable amount in a saw mill 
remains suspended in air in a finely divided state. Because of the very 
large surface area at which oxygen is in contact with combustible 

| particles, the combustion, if initiated, will take place at a very fast rate 

and may cause an explosion, 


20. (i) A faint pink colour very slowly (over a period of 5-10 minutes) 
appears on the surface of the particles due to the formation of 


Hel: 


HgCl, + 2KI — Hgl> + 2KCl 


red 
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21. 


22. 


23. 


24. 


25. 


\ 


But as thel surface area of Contact between thé reactants is very 
small, only a slight reaction takes place. 

(ii) On grinding, the Particle size of the reactants is reduced. Fresh 
surface, therefore, gets exposed and more reaction takes place. The 
intensity of the colour will thus go on increasing as grinding is 
continued and finally the whole material will become red. 

(iii) On addition of water, KCI will dissolve but not Hgh which will 
appear as a red precipitate. 


(iv) On addition of more KI, the red Precipitate will slowly disappear 
because of formation of Hg; complex: 


2KI + Hel, — 2K* + Agi; 
Colourless 
(i) Atmospheric oxidation of T to I: 


4 +0: + 4H" B h +200 
(ii) Chlorination of methane: 
CH, + Ch PY cH.ci+ HCI 


(iii) Decomposition of NO) into nitric oxide and atomic oxygen in the 
Photochemical smog formation: 


NO: 54 No +(0) 
According to Law of Mass Action, the rate of a Teaction at any given 
instant depends on the Concentration of the reactants at that instant, As 


the reaction progresses, more and more of the reactants are converted 


into the products. Thus the concentration of the reactants falls with time 
and so does the rate of reaction. 


The speed of a reaction is important as it determines whether the 
reaction will be of any practical use to us. 


For determining the concentration of a r 
d 


eactant at a particular instant 
uring the course of a reaction. it is 


(1) Decomposition of H20; in aqueous solution: 
HO, —~> H:O + 5 O: 
(2) Decompostion of ammonium nitrite in aqeous solution: 


NH:NO; — 29,0 + N? 


26. 


27. 


28. 


Answers to Exercises 193 


(3) Inversion of cane sugar in presence of dilute acid: 


H 
CpHo2O1 + HO —> CHO: + CoHi20c 


Glucose Fructose 


(4) The rate of death of micro-organisms by a disinfectant is approx- 
imately proportional to the concentration of live micro-organisms 
remaining. 

(5) The rate of decomposition of organic matter in the B.O.D. test is 
approximately proportional to the organic matter remaining. 

(6) Decay of radioactive material. 


Molecularity of a reaction is defined as the number of molecules 
involved in the step leading to the chemical reaction. For simple 
reactions, it is equal to the order of the reaction except when one of 
the reactants is present in large excess. For example, in the hydrolysis 
of methylacetate with dilute acid 


CH;COOCH; + H20 Ble CH;COOH + CH:OH, 


(large excess) 3 


one molecule of methyl acetate reacts with one molecule of water and 
so the molecularity of the reaction is 2. However, as discussed on page 
23 (Experiment 2.3.2.) and verified experimentally, it is a first order 
reaction. Such a reaction is known as a Pseudo-Unimolecular reaction. 

For a complex reaction occurring in several steps (elementary reac- 
tions), each step has its own molecularity depending upon the number 
of molecules of the reactant or reactants taking part in that step. 
Molecularity has no significance for the overall reaction. 

The order of a complex (multi-step) reaction is given by the order of 
the rate-determining step, i.e., the slowest step in the sequence of 
various steps involyed in that reaction. The order has to be measured 
experimentally. Neither the order nor the molecularity of a reaction 
can be predicted from the stoichiometric equation of the overall reaction. 


This is done to arrest the reaction at the instant when the concentration 
of residual alkali is to be determined. On adding the reaction mixture 
to ice-cold HCI (a known excess), the residual alkali is instantaneously 
neutralised and the saponification reaction altogether stops. The excess 
acid does catalyse the hydrolysis of ethylacetate with water to produce 
acetic acid, but this reaction is extremely slow at low temperature (ice- 


cold) and does not cause any appreciable error. 


(a) A reaction between two reactants becomes a first order reaction 
when one of the reactants is present in large excess. The concen- 
tration of this reactant remains practically unchanged and so does 
not affect the rate of the reaction. 
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29. 


30. 


31. 


32, 


APPLIED CHEMISTRY 
(b) The rate constant for a second order reaction between two 
reactants A and B to give products is given by equation (2.37): 


=2303 ba-» 
TES) “Sp Sae 


ee 2.303 l DAA 
t-a 8 a - (b — x) 
2.303 
or = 


b 7 
; log TER =ak=k 
which is the equation for a first order reaction in respect of B, 
i.e., in respect of the reactant taken in smaller quantity. 


(1) Saponification of esters: 


CH;COOC:H; + NaOH —> CH:COONa + C2:H;OH 
Ethylacetate 


(2) Decomposition of ozone to oxygen: 
100°C 
20; —- 3} O; 
(3) Conversion of ammonium cyanate into urea in solution: 


NH;:CNO — H2N-CO-NH, 


The rate constant for a third order reaction is given by 


where a is the initial Concentration of each of th 


e reactants and x is the 
decrease in the concentration of each of the Teac 


tants in time t. 
For a third or higher order Teaction, three or 


Third Order Reactions 
(1) Oxidation of nitric oxide to NO;: 


2NO(g) + O:(g) —> 2NO,(g) 
(2) Reduction of FeCl; by SnCl;: 


2 FeCl; + SnCl, —> 2 FeCl: + SnCl, 


33. 


34. 


35. 


36. 
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Fourth Order Reaction: 
Thermal decomposition of potassium chlorate, represented by the 


equation 
Heat 
4KCIO; — 3KCIO; + KCI, 
is a fourth order reaction. 
Reactions whose rates do not depend on the concentration of the 
reactants but. remain constant throughout are said to be zero order 
reactions. 


Examples ` 
(i) Photochemical reaction between equimolar mixture of H:(g) and 


Clo(g) confined in a tube dipping in water: 
h P 
H.(g) + Ch(g) —> 2HCI(g) 

(ii) In the biological waste treatment, the speed of waste utilisation per 
unit mass of enzyme or bacteria (V/E) is found to be independent 
of waste or substrate concentration (s) over fairly large ranges of 
concentration. 

It is the time in which the concentration of the reactant/reactants is 

reduced to one half of its/their initial value. 


The half-life period ofa first order reaction is given by 


te — 2.303 log seis, — 2303 log 4 
y k aa k TEs 
2. 
_ 2303 g2 = 0693 
k k 


which does not contain any concentration term. Hence the half-life 
period of a first order reaction is independent of the initial concentration 
of the reactant. In general, the half-life period (or time required for 
completion of any definite fraction) of a reaction with equal initial 
concentration of all the reactants is given by 


i 
ti Oot 


where n is the order of reaction. 


A study of chemical kinetics helps in 
(i) Regulating or making a reaction proceed at the desired rate. 
(ii) Comparing the relative strengths of acids (Experiment 2.3.3). 
(iii) Understanding the mechanism (description of various elementary 
steps) of various reactions. 
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The conversion of ammonium cyanate into urea has been 
NH:;CNO — H>N-CO:NH> 


found to be a second order reaction. Evidently, the balanced chemical 
equation, which shows onl 


one reacting molecule, does not truely 
represent the conversion. 


The reaction has been suggested to 


fast 


proceed via the following steps: 
(i) NH;CNO — NH,-NCO 


(Ammonium isocyanate) 


(ii) NHeNco Š$ H-N = C=0 + NH, 


(iii) H-N=C=0 + NH, 28 H,N-CO-NH: 


P, being the slowest, determines the Tate of reaction. Since it 
ves two molecules, the order of the reaction is 2. 


Methyl orange indicator has structure I in neutral medium. In alkaline 
medium, it exists as II which is orange and in acidic medium, it exists 
as IH (red), 


— CH; 
Hos —()—_n = N —C)-nz à 
CH; 
I | om 
i CH, 
osC)— N=N ROR 


\ cH, 


The last ste 
invol 


II (Orange or yellow) 
on 
C 
osy- n= =n ʻi 
4 CH; 
II (red) 


COO" 
OO 


(Yellow in alkali) 


Coo" onf} w 
Or N- ie al 
H 


x 
(red in acid) ca 
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40. Phenolphthalein has structure I in neutral or acid medium and is 
colourless. In presence of dilute alkali solution, I is converted to II 
which loses water to give III (resonating ion having red colour). A 
large excess of a strong alkali converts III into IV which is again 
colourless. 


pects. Pelee 
Oren 


— 
SS OH 
| COO” 
O 
I (Colourless) Il 


= O, 
SOE eK 
(E C 
! <—_? l 
COO 
II (red) 


| Excess OH” 


“OL 
st oie 


IV (Colourless) 
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Na:CO; 1s available in market. in Analytical Grade form and is quite 
stable. NaOH samples can absorb CO; from atmosphere and so often 
contain small amounts of Na>CO; as impurity. 

The neutralisation of CO; with NaOH is a two-step process whereas 
with Na>CO; it is a one-step process (reactions 3.10 & 3.11). Therefore, 


if NaCO; is present.as an impurity in NaOH, erroneous (higher) 
results will be obtained. 


The solution should be heated ti 


o boiling to speed up the hydrolysis of 
metal salts so that the titration ca 


n be completed more rapidly. 


Minieral Acidity arises from 
(i) Hydrolysis of certain sal 


ts present in water (reactions 3.4 & 3.5) 
(ii) Contamination with: dra 


inage from industrial area 


(iii) Waters Teceiving drainage from sul 


siderable amounts of HSO; resulti 
ore: 


phide ore: mines contain con- 
ng from wet oxidation of the 


b: i 2- 
2FeS.(s) + 7 O2 + 2,0—2 FeSO, + 4H' + 250} 


(iron pyrites) 
(iv) Acid rains in the areas where atm 


osphere is highly polluted (con- 
tains a high percentage of SO2) 


Both acidity and alkalinity are expressed in terms of CaCO, whose 
equivalent weight is 50. 1 ml of N/SO0 solution, therefore, corresponds 
to 1 mg acidity or alkalinity and the calculations become simple. 


If the sample is alkaline to phenolphalein, it should be neutralised with 
approximately 0.05 N H>SO,. If the sample is acid to methyl orange, a 
slight excess of pure CaCO, should be added. 


The pH of the solution should not exceed 7.2 otherwise Ag’ will not 
be precipitated because of complex formation: 


AgCI + 2 NH; +2 OH —> [Ag (NH:)}] + Cr +2 H:O 


The excess of the tirant that must be 
the colour change due to the Teact 


subtracted from all titrations” 
the volume of solution at th » is added the same amount of 
KCrO; indicator ‘as is used in the actual determination, and the 
volume of AgNO; Tequired to produce a 
determined, 

To avoid the indicator blank in the chloride ion determination, 
prepare the indicator solution as follows: Dissolve 5 g of KCrO; in a 
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little distilled water. Add AgNO; solution until a definite red precipitate 
is formed. Allow to stand for 12 hours, filter and dilute to 100 ml. 


The solubility product of Ag,CrO, increases with rising temperature 
and more AgNO; will have to be added to get the end-point. To avoid 
this, the titration should be performed at room temperature. 


(i) To remove the colour and to clarify the sample, it is shaken 
thoroughly with a few drops of alumina cream [Al(OH); suspended 
in water, prepared by adding NH4OH to Al >(SO,); and washed 
free of chloride, sulphate and ammonium ions] followed by 
decantation or filtration. 


(ii) Interference due to H:S may be removed by adding a crystal of 
ZnSO;. In case it is not successful, the sample is acidified with 
H>SOs, boiled for a few Minutes and neutralised with NaHCO; 
followed by dilution with distilled water to oringinal volume. 


Most accurate results are obtained by calculation from con.plete mineral 
analysis of the hard water sample (Equation 3.28) but it is a very 
tedious job and such type- of analysis is rarely done. Of all other 
methods, EDTA method gives the best result, is less cumbersome. and 
less time consuming. 


Although Ca” (like Mg”) reacts with Eriochrome black-T indicator to 
form a wine red complex: 
Ca” + Hin® — Caln +H’, 
Wine red 
the colour change from wine red to pure blue is not sharp with 
calcium indicator complex as with magnesium indicator complex. 
Therefore, Mg” ions have to be added if not present in the hard water. 


(i) A small amount of the complexometrically neutral magnesium salt 
of EDTA (Na2MgyY) is added to the buffer solution. 

(ii) A small amount of MgCl: may be added to the EDTA solution 
before it is standardised. 


At higher pH values, CaCO; or Mg(OH): may get precipitated and the 
dye (indicator) may change its colour. At lower pH values, the Mg- 
indicator complex becomes unstable and a sharp end-point cannot be 
obtained. The pH value is adjusted to about 10 by using a buffer 
solution of NHiCl/NH;OH. 

(a) Using equation 3.28 (p. 48): 

Total hardness = 2.5 X ppm of Ca + 4.12 X ppm of Mg” 
= 2.5 X 20 + 4.12 X 48.6 


= 50 + 200 = 250 ppm 
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Alternatively 

Impurity ppm epm _ Hardness Alkalinity 
ppm ppm 

Ca” 20 20/20 = 1 1 X 50 = 50 an, 

K’ 39 39/39 = 1 = a 

Mg” 48.6 Ei- 4 4X 50= 200 = 

Na 23 23/23 = 1 E Se 

soy 96 96/48 = 2 = I 

HCO; 183 183/61 = 3 = 3 X 50 = 150 

cr 35.5 35.5/35.5 = 1 = 


Thus, Calcium hardness= 50 ppm 
Magnesium hardness = 200 ppm 
Total hardness = 250 ppm 

As alkalinity is less than total hardness, 


Carbonate hardness (CH) = Alkalinity (Equation 3.29) 


= 150 ppm 
Therefore, Non-carbonate hardness (NCH) = 250-150 
= 100 ppm 
(b) 
Impurity ppm epm Hardness Alkakinity 
(ppm) (ppm) 
a 24.3 

M 24.3 Sa = = 

g 1215 2 2 X 50 = 100 — 
Ca 40 40/20=2 2X 50= 100 = 
HCO; 305 305/61 = 5 — 5 X 50 = 250 


200 ppm 250 ppm 
= 100 ppm 


Magnesium hardness = 100 ppm 


Thus, Calcium hardness 


Total harndess = 200 ppm 
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As alkalinity is more than total hardness, 
Carbonate hardness (CH) = Total hardness (Equation 3.30) 


= 200 ppm. 


Hence, there is no permanent hardness. 


Volume of water sample taken 


= 100 ml 


Volume of N/50 HCl used before boiling = 10.0 ml 
Volume of N/50 HCI used after boiling =0.2 ml 


Methyl Orange Alkalinity before 
boiling (Experiment 3.1.3, p. 42) 


Methyl Orange Alkalinity after 
boiling 


Therefore, Temporary hardness 
of the sample . 

Volume of water sample taken 
10 ml alkali mixture 


Therefore, 20 ml alkali mixture 


1 1 
=— X a 
50 10 X og S 30 X 1000 


= 100 ppm 


1 1 
=> XO: ra 
50 0.2.X iog % 50. 1000 


= 2 ppm 


= 100-2 = 98 ppm 


100 ml 
= 8 ml N/10 HCl 
= 16 ml N/10 HCI 


ll 


Hence volume of alkali mixture added = 16 ml N/10 HCI 


Also filtrate 


Therefore, volume of N/ 10 alkali 
used in precipitating permanent 
hardness in 100 ml of t 


Therefore, 
Permanent hardness of the sample 


Volume of water sample taken 
Volume of N/50 NaOH added 


= 16 ml N/10 alkali 
= 13 ml N/10 HCI 
= 13 ml N/10 alkali 


` 


he water sample = 16 — 3 = 3 ml 


1 1 
=— K 3K 
10 3 100 x 50 X 1000 


= 150 ppm 


= 100 ml 


= 25 ml 
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Also, filtrate = 21 mi N/50 HCI 


= 21 ml N/50 NaOH 


Therefore, volume of N/50 NaOH used 
for precipitating magnesium hardness of 


100 ml of water sample = 25—-21=4ml 

Therefore, Magnesium hardness 1 1 

of the water sample = 50 X4x 100 X 50 X 1000 
= 40 ppm 


58. (i) Lather factor = Volume of soap solution used against 


70 ml of distilled water 


= 0.5 ml 
(ii) Strength of soap solution 
1000 ml S.H.W. = 0.28 g CaCO, 
0.28 
fore, 7! H.W. SS OS 
Therefore, 70 ml S.H. 1000 X 70 g CaCO, 
= 19.6 mg CaCO, 


But volume of soap solution 
used to precipitate hardness 


of 70 ml of S.H.W. = 20.1 — 0.5 = 19.6 ml 
Hence, 

19.6 ml soap solution = 19.6 mg CaCO, 
or 1 ml soap solution = | mg CaCO; 


(iii) Total hardness 
70 ml hard water sample = 


| 


14.5 — 0.5 = 14 ml soap solution 
14 mg CaCO, 


Therefore, Total hardness =14°C] = 14x eee = 
> Ppm = 200 ppm 
= 200 x Lop = 29°F 
10 
(iv) Permanent hardness 


70 ml boiled water = 5.4 — 0.5 = 4.9 ml soap solution 


= 4.9 mg CaCO, 
Therefore, Permanent hardness = 4.9°C| = 4.9 x 100 ppm = 70 ppm 
i 7 


il 
= JODA OR E o 
io F TF 
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(v) Temporary hardness = 14 — 4.9 = 9.1°CI 


100 
=91 X 7 Ppm= 130 ppm 


1 
= 130 X —"F= o 
100 F = 13°F 


(a) NO? oxidises I to free iodine in acidic medium; 
2 NO3 + 4H’ + 27 —> NO: +2H0O+hk 
(2 NO) 
N20: is oxidised back to NO3 by atmospheric oxygen: 


2N2O,+2H2O + 0: —> 4NO;+4H 
(4 NO) 


Thus, it remains no longer possible to get a permanent end-point as the 
blue colour keeps on reappearing due to the formation of h in a cyclic 
process, and higher results are obtained. 


(b) Fe”, when present in amounts above 10 mg/1, also interferes by 
oxidising I" to free Iz and leads to higher results: 


2 Fe” +21 = 2Fe*+h 


Fe”, SO} and S* react with iodine, reducing it to iodide and thus 
produce lower results, 


2 Fe” + bh = 2 Fe" +21 
so} +b +O — SO? +21+2H" 
S +h — S+2r 
(ŒS +h —> S+21+2H') 


The D.O. in a sample is utilised to oxidise Mn” to Mn“ [MnO(OH)> 
or MnO: : H:O : reaction 3.52 or 3.52 a] in alkaline medium. This 
process is known a fixation of oxygen. When acidifed, MnO(OH), 
gives back an equivalent amount of oxygen, 


MnO(OH) + 2H’ —> Mn” + 2m0 + 40, 


When a 200 ml sample is used for titration, the number of ml of N/40 
Na2S2O; used directly gives the D.O. in ppm. 


At a constant temperature, the mass of a gas dissolved by a ziven 
amount of a solvent is proportional to the pressure of the yas in 
equilibrium with the solution. Henry’s law is applicable when 


(i) the temperature is not too low, 
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(ii) the gas pressure is not very high, and 
(iii) the gas does not dissociate in, or chemically react with the solvent. 


A, volume of sample before dilution = 10 ml 


B, X% ch after » = 600 ml 
Dı, the D.O. of diluted sample at the 
start of experiment = 3.9 mg/1 (p. 60) 
Dı, the D.O. of the diluted sample 
after 5 days = 2.1 mg/l 
: Di — D> 
B.O.D. of the sample (Eq. 3.63) = Sapa xB 
319231 
‘ice X 600 = 108 mg/1 
= 108 ppm 


The B.O.D. test is widely used 

(i) In determining the pollutional strength of domestic and industrial 
wastes, , 

(ii) In choosing and designing the treatment method for reducing the 
pollutional strength of such wastes, 

(iii) In evaluating the purification capacity of natural water courses into 
which such wastes are to be discharged and 

(iv) In evaluating the efficacy of various units of the treatment process. 


Being a first order reaction, complete BOD will be exerted only in 
infinite time and determination becomes impracticable. The 5-day in- 
cubation period is practicable and the BOD, values can be used for 
many considerations as they represent a fairly large percentage (70 to 
80%) of the total BOD. 

Also, beyond the 5-day period, significant errors may be introduced 
due to the growth of nitrifying bacteria (which, in raw sewage or - 
primary effluent, are present in insufficient numbers to oxidise any 
appreciable amounts of reduced nitrogen in the first five days) which 


consume oxygen in oxidizing reduced nitrogen (reaction. 3.57) which is 
normally-present in sewage. 


It should be prepared from distilled water by seeding with a small 
amount of domestic waste water to provide a mixed population of 
bacteria. A phosphate buffer should be added to maintain the pH at 
about 7. Phosphate also serves as a nutrient. Salts like FeCl; and 
NH,Cl should be added to supply nutrients and small amounts of Na’, 
K* and Ca” should be also added to serve as trace elements needed 
for the growth of bacteria. Finally, it should be saturated with oxygen. 
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(1) Although the dichromate reflux method is preferred because of its 
superior oxidising ability, applicability to a wide variety of samples 
and ease of manipulation (as compared to the use of KMn0:, 
Ce(SO;)>, KIO, etc.), certain compounds like : 

(i) straight-chain aliphatic hydrocarbons, 
(ii) low molecular weight fatty acids, 
(iii) pyridine, and 
(iv) aromatic hydrocarbons resist oxidation. 

(2) Chloride ions, usually present in sewage in appreciable amounts, 
interfere because of their oxidation under the conditions of the 


experiment. 


(1) Oxidation of straight-chain aliphatic hydrocarbons and low mole- 
cular weight fatty acids is effectively achieved by the use of 
AgSO; catalyst. Pyridine and aromatic hydrocarbons are however 
not oxdised. 

(2) Interference due to chloride ions is removed by complexing with 
HgSOs: 

He +4Cl <=> Hg 
(Very slightly dissociated) 


The pH of the reaction mixture should be adjusted between 3 and 4 
using acetic acid. At neutral pH, some forms of combined chlorine 
residuals do not react with KI. However, HSO; should not be used as 
it increases the interference by-Fe™ and NO). 


Fe“, NOs, manganese in valences above 2 and organic sulphides. 


At low pH, monochloramine also reacts in the first step and interferes 
in the determination of free chlorine residuals. At high pH, dissolved 


oxygen gives a colour and interferes. 


Interference due to Cu’ is overcome by complex formation with 
EDTA. By complex formation with trace metal catalysts, EDTA retards 
the oxidation of the DPD indicator by dissolved oxygen. 


mple is the amount of chlorine in mg 


Chlorine Demand of a water sa 
d into other less active forms by the 


that is reduced to Cl or converte 
impurities present in 1 litre of the sample. 


Chlorine Demand = Chlorine applied — Residual chlorine. 


Chlorine-reactable materials likely to be present in water may be 

divided into the following categories; 

(a) Organics’ — Hydrocarbons, phenols, amines, humic acids, etc. 

(b) Inorganics — Ferrous, Manganous ( Mn”), nitrite, sulphide (S> 
or HS), sulphite. cyanide, ammonia. etc. 
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(c) Living 
organisms — Bacteria, algae, protozoa, etc 


(i) Organics and cyanide undergo substitution, addition and oxidation 
reactions with chlorine forming a variety of compounds (some 
chlorinated waters have been found to contain as many as sixty 
different chlorinated and other organics). 

(ii) Inorganic reducing agents like Fe”, Mn”, S*, SO} and NO3 are 
oxidised to Fe”, MnO, elemental S, SO? and NO; respectively 
while chlorine is reduced to CI. 

(iii) NH; undergoes a variety of reactions with Ch giving products like 
NH2Cl, NHCh, NCh, N2, NO», NO; ete. 

(iv), Chlorine destroys living organisms by reacting with enzymes present 
in their cells. 


(i) Chlorine dosage — 0.1 to 0.2 mg/1 free chlorine residuals. 
(ii) Contact period — 30 minutes. 
(iii) pH range — 6 to 7. 


Free chlorine is readily dissipated in the distribution system and does 
not afford complete protection against bacteria due to short contact 
period. In order to prolong bactericidal action, free chlorine residuals 
are converted into more stable chloramines (reactions 3.70 & 3.71) by 
adding a little ammonia or ammonium sulphate to chlorinated water. 
This process is known as stabilising the chlorine. 


Break-point chlorination is chlorination of a sample to the extent that 
all the ammonia present in the sample is converted into N or its 
higher states (like N10, NO3, NO2, NO3, NCI, ete.) and is marked by 


a minima in the curve obtained by plotting residual chlorine versus 
applied dosage of chlorine (Figure 14). 


Explanation 

When a small amount of chlorine is applied to a water sample 
containing reducing materials (Fe”, S% etc. ), it is readily used up and 
so there is no residual. This stage is shown by part AB of curve II (for 
impure water ), As the amount of chlorine applied is increased, it starts 
reacting with organics and also with ammonia which produces chlora- 
mines (reactions 3.70 & 3.71). Mono— and dichloramines are disinfec- 
tants and are determined as combined chlorine residuals. Part BC of 
the curve thus shows an increase in the amounts of these chloramines. 


Any further increase in chlorine dosage decomposes the chloramines 
possibly via the following reactions: 


4NH:Ci + 3 Cl + H0O —> Nr + N:0 + 10 HCI 
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CI2:NH3' mole ratio —e 
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Fig. 14 Break-point chlorination, 


2 NHCh + HO — N:O + 4 HCl 
2 NHCh + 3 Ch + 4 HO — 2NO, + 10 HCI 


The amount of the combined chlorine residuals thus decreases along 
the curve CD. Point D indicates almost complete decomposition of 
chloramines. At this stage, known as Break-point Chlorination, there is 
a marked decrease in the residual chlorine (a minima in the curve ) A 
higher dosage of chlorine appears as free chlorine residuals and total 
chlorine residuals start increasing. This is shown/by the part DE of the 


curve. 


Significance ; fee 
A chlorine dosage higher than Break-point chlorination means that 


the chlorine demand of all the chlorine-reactable materials has been 
completely met with and free chlorine residuals are -available for 
bactericidal action. It also signifies complete decomposition of NH3, 
removal of colouring material and modification of taste and odour of 


the water sample. 


Treatment with chlorine before filtration of the sample is known as 
Prechlorination. A higher chlorine dosage is required to satisfy the 
chlorine demand of filterable matter. This increases the cost but the 
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quality of water obtained is superior as the chlorinated products with 
unpleasant tastes and odours may be adsorbed during filtration. 
Postchlorination, i.e., chlorination after filtration is cheaper than 
prechlorination (due to lower chlorine demand ) but the treated-water 
may have unpleasant taste and odour. 


81. Jackson turbidimetry (also known as Visual turbidimetry ) is based on 
measuring the interference caused to the passage of light through the 
sample. In this method, the depth (thickness ) of the sample required to 
obscure the image of a standard candle or bulb is measured visuaily. 

Nephelometric turbidity is based on measuring, with a Photoelectric 
device, the intensity of light scattered by the sample at right angles to 
the path of the incident light. As the errors of personal judgement are 
avoided, the results are more reliable. 


82. The Coefficient of Fineness of a suspension is the number obtained by 
dividing the weight of the suspended matter in a sample, in ppm, by 
the turbidity of the sample. A greater than 1 coefficient indicates a 
suspension coarser than the standard, while a suspension finer than the 
standard is characterised by a coefficient less than one. 

83. 


The U.S. Geological Survey have arbitrarily fixed at 100 the turbidity 
of a water sample containing 100 ppm of SiO», by weight, in such a 
state of fineness that a bright platinum wire of 1 mm diameter can just 
be scen when held at a depth of 100 mm below the surface of the 
sample, with the eye of the observer being 1.2 m above the wire. 

The apparatus consists of a graduated rod, known as turbidity rod, 
having a 1 mm thick platinum wire inserted into it at right angles near 
one end, and a wire ring placed, directly above and at a distance of 1.2 
m from the platinum wire, near the other end. The rod is lowered 

“vertically into the sample as far as the wire may be seen through the 


ring. The level of the surface of the sample on the graduated rod gives 
the turbidity of the sample. The method is used for testing the degree 
of fineness of the silica standard, 


84. HgCl> (Mercuric chloride ). 

85. In addition to causing aggregation of fi 
in solution, the coagulants hel p in the re 
(i) True and apparent colour, 

(ii) Harmful bacteria, algae and other planktons, 

(iii) Taste and odour-producing substances. 


nely divided particles dispersed 
moval of 


86. Flocculant aids are substances which do not act as coagulants but 
when present along with a coagulant increase the rate of flocculation. 
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They are of two types: (a) Naturally occurring materials like Bentonite 
(a form of clay), (b) Synthetic polymeric materials like Polyacrylamide 
(which acts very effectively in concentration range 0.1-0.2%). 


A 50% solution of aluminium sulphate for use as a coagulant is 
available in the market under the trade name of ‘Liauid Alum’. 


The velocity distribution across the tube (capillary or jet) diameter does 
not become uniform immediately as an element of liquid enters the 
tube. A correction factor to minimise the error due to this drawback is 
known as ‘Inlet Correction’. The magnitude of the correction factor 
decreases with increase in the length of the tube and with decrease in 
its diameter. 


Though RW1 and RW2 may be used for determining relative viscosities 
of oils having an efflux time as low as 30 seconds, for greater accuracy 
a longer than 200— seconds efflux time is recommended. This reduces 
the ‘Kinetic Energy Correction’ which depends on the volume rate 


flow, V/t. 


U = 600 seconds 
L = 780 seconds 
H = 420 seconds 
= [ul 
Viscosity Index of the unknown oil = LL-H x 100 
_ 780 — 600 
=r 420 ~ 10 
180 
= 360 x 100 
= 50 


For every degree rise in temperature, there is a decrease of roughly 2% 
in the coefficient of viscosity of most of the liquids. 


Lubricants with high Viscosity Index suffer only a small change in 
viscosity with change in temperature. Such lubricants can therefore be 
used over widely varying temperatures and are termed as ‘all weather 


lubricants’: 

(i) Silicones 

(ii) Polyglycol ethers 
(iii) Diesters or triesters. 


Viscosity Index of a lubricating oil is improved by adding hexanol or 
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100. (a) The ‘Viscosity’ 


101. 


linear polymers like polyisobutylenes, poly-methacrylates, poly (alkyl- 

Styrenes), etc. It has been suggested that linear polymers function in the 

following ways: 

(i) Rise in temperature increases the solubility of the polymer in the 
oil. The increased concentration of the polymer raises the viscosity 


of the oil and thus compensates for the decrease in the viscosity of 
the oil itself. 


(ii) The polymers are in the coiled form 
polymer particles tend to uncoil more 
of the oil. 


; with rise in temperature, the 
and this increases the viscosity 


It is that state of a liquid when its viscosit 
in temperature, 


Such a lubricant can be prepared by adding appropriate amount of a 
suitable linear-polymer Viscosity-Index improver. 


y does not change with rise 


Freezing mixture y For temperature down to 
Ice + water 32°F 

Ice + common salt 10°F 

Ice + CaCl, —15°F 

Solid CO, + acetone SUGIS ` 
It is the highest temperature at whic 


h an oil does not move when the 
standard jar containing the oil is kept in a horizontal Position for 5 
seconds. Pour point is taken to be 5°F higher than this. 


pour point is the temperature at which 
to such an extent that the oil will stop 


\ pour point’ of an oil can be lowered by lowerin 
the viscosity of the oil. This can be d ae 


component of lower viscosity. 
(b) ‘Wax pour point’ can be lowered 


a either by dew, xi b 
adding a suitable pour point depress, y E NEEN 


ant. 
Pour point depressants are materials w 
ing wax, get adsorbed on the surface 
stages of crystal formation. They th 


hich, when added to oils contain- 
of wax crystals during the initial 
us reduce the size of the wax 
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crystals. They also alter the crystal structure in such a way that the 
amount of oil held by the crystals by adsorption or by entrainment is 
reduced. Both these effects enhance the oil flow at lower temperature 
and thus reduce the ‘Wax pour point’ of the oil. 3 


Paraflow is an important pour point depressant which, when present in 
concentrations of 1 to 2 per cent, may reduce the ‘Wax pour point’ of 
an oil by 50°F or more. Paraflow is a poly-alkyl naphthalene and is 
prepared by condensing chlorinated wax with naphthalene ip the pre- 
sence of anhydrous aluminium chloride which acts as a catalyst. 


Air is a bad conductor of heat. It ensures very slow and uniform 
temperature change whether the oil is being heated or cooled. 


S.LT. is the temperature at which ignition occurs (without the intro- 
duction of a flame) when an inflammable liquid is allowed to fall in 
drops into a hot metal crucible. 


(a) Presence of moisture 

(b) Vapour pressure of the oil—higher vapour pressure means lower 
flash and fire points. 

(c) Whether the test is made by open-cup or closed-cup method— 
open-cup methods give higher flash and fire points. 

(d) Any drafts over the testing device in case of open-cup methods 
will tend to raise the flash and fire points. 

(e) Incase of closed-cup methods, an increase in the ratio of the air 
space to the surface of the oil exposed increases the flash and fire 
points. A flash is observed when the atmosphere inside the cup 
contains about 2% of oil vapour by volume. 

(f) Rate of heating affects the time available for the vapour to diffuse 
into air and hence affects the flash and fire points. y 

(g) Frequency of application of test flame 

(h) Variations in the time of opening the shutter 

(i) Variations in the size of the test flame 

(j) Variations in the rate of stirring — temperature distribution is 
uneven if the stirring is too slow. Too rapid stirring produces 
splashing. 

Presence of water may raise or lower the flash point. The steam 
formed on heating may prevent the vapour from igniting and hence 
raise the flash point. However, steam-distillation of low molecular 
weight constituents of the oil will tend to decrease the flash point. Oils 
containing water way split and sputter on heating and thus make the 
determination of the flash point extremely difficult. 


Free water from an oil may be removed by 
(a) Settlement and decantation 
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(b) Centrifugal action i 

(c) Absorption by usual dehydrating agents such as anhydrous 
Na:S0;, anhydrous CaCl}, etc. 

(d) Filtration through a filter paper containing Plaster of Paris. 

(e) Oils which do not lose more volatile portions on heating may be 
dried by passing a gentle current of air through them at 100°C. 

‘Freaky’ flash is the term used for the Production of irregular flashes 

below the true flash point of an oil. Contamination of an oil with small 

amounts of volatile organic substances is responsible for this, 


Fatty oils on heating may undergo thermal decomposition. Evolution 
of vapours of decomposition products and traces of free fatty acids 


present in the oils gives rise to freaky flashes. Flash points of fatty oils 
vary between 300-500° F. 


Flash Point ‘Closed’ is determined by heating the oil in a closed cup; 
test-flame is injected into the cup through an opening produced tem- 
porarily and ignition of vapour takes place inside the cup. Thus, the 
vapour is not free to diffuse to the atmosphere. Accurate and repro- 
ducible results are obtained. 

Flash Point ‘Open’ is determined by heating the oil in a cup without 
cover. The surface of the oil is thus exposed to atmosphere. There is 
loss of vapour which is enhanced by any drafts over the testing device, 
The results are not reproducible and are higher, by as much as a few 


to 50°F, than those obtained with closed-cup methods, Cleaveland 


Open-Cup is the common accepted device for measuring flash points 
above 175°F. 


which is heated by a water bath. 
of about 5°F per minute. Very preci 
is however slow and is recommen: 
the Pensky-Marten’s method, the air j 
heated electrically or by a gas b 
higher (10 + 1°F/minute). It is the 


i ost:commonly 
used method for all oils flashing above 120° E 

» Air being’a bad conductor of heat, it helps in controlling the cooling 
rate. 
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The aniline point of an oil decreases with the increase in the percentage 
of its aromatic content. Aniline point is therefore inversely related to 


the aromatic content of the oil. 


Paraffin-base type lubricating oils as a class have the highest aniline 
points. The range of their aniline points depends on the degree of 
refinement. i 
Aniline-point thermometers are available in the following three different 
ranges: 

(i) —38 to:+42°C 

(ii) 25 to 105°C 

(iii) 90 to 170°C 


A diesel fuel with a high aniline point will have low aromatic content. 
This will give an easy start to the engine and will reduce knocking. 
The ignition quality of a diesel fuel is also reported in terms of Diesel 
Index which is related to the aniline point by-the following expression: 

A AL API j 
Diesel Index = Anline point in°F X a 
For high-speed diesel fuel, the aniline point should be above 160° F. 
metimes may contain materials, other than the free acids, 
e easily but slowly attacked by the alkali. Pink colour 
appears at the end-point due to the addition of an extra drop of alkali. 
In a few seconds, this alkali is consumed by the easily reactable 
materials and the pink colour fades away. 


The oil so 
that may b 


The esters in the oil may be hydrolysed by the moisture present and 
thus higher erroneous results may be obtained 


bluish-gren colour indicates that the sample 
the total bake value can then be determined 
N/100 alcoholic HCI. At the end-point, 
to orange or yellowish-orange. 


Appearance of a green Or 
contains basic constituents: 
by titrating the sample with 
the colour changes from green 
The presence of moisture spoils the Wij’s solution by decomposing ICI: 
ICI + H»O — HCl + HIO 


Sunlight catalyses the decomposition of ICI into I and Ch: 
21c1 h + Ch 
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To prevent the leakage of Cl: or Iz vapours that may be formed b: 
decomposition of ICI. ( 


(i) Steam Turbine lubricants 
(ii) Gear lubricants 
(iii) Crank Chamber oils. 


(i) The lubricant should be refined in such a way as to eliminate the 
polar impurities whether initially present or formed in the early 
steps of the refining process. 

(ii) Such additives should be used as hav 
characteristics. 

(iii) The oil should be stable towards oxidation 
imposed upon it. 

(iv) The lubricant should be Protected against extraneous contamination. 


e minimum emulsifying 


under the conditions 


‘Soluble Oils’ are oil-in-water emulsions, stabilised by an emulsifying 
agent such as sodium salt of a carboxylic or sulphonic acid. The ratio 
of oil to water in the emulsion is normally of the order of 1:20 to 
1:60. Since they contain a large concentration of water, they have a 
much higher specific heat and latent heat of vaporisation than anhydrous 
oils. So they are used to good advantage in machine shops during 
cutting, drilling, grinding, etc., of metals where cooling rather than 
lubricity is of paramount importance. 

They are usually opaque, having milky appearance, but transparent 
soluble oils (cutting oils or cutting oil emulsions) have also been made 


which have the practical advantage that they do not mask the work 
from the vision of the operator. 


Excessive foaming (formation of oil-air emulsion) of the lubricating oil 
is a very serious problem in diesel engines, aircraft engines and automatic 
transmissions. Substances which Suppress foaming are called defoamants 
or antifoams. Silicones are the most effective antifoams (concentrations 


of about 10 ppm are used). Other antifoams are potassium oleate and 
sodium alkyl esters of sulphuric acid. 


The cone will penetrate to a greater depth and thus the observed 
penetration number of the sample will be higher. 


The cone will not fall freely and so th 


e test will show lower penetration 
number. 


The penetration number of a grease depends mainly on the structure 
and interaction of the gelling element, the amount of soap and nonsoap 
thickner present and to some extent on the viscosity of the lubricating 
oil present. It is also affected by the handling procedure during manu- 
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facture of grease, the temperature of filling the containers: and the rate 
of cooling. 


It is the separation of a liquid lubricant from a lubricating grease for 
any cause. 


In a grease, the soap cry. tallizes in the form of threads (fibres) having 
lengths of the order of 20 or more times their thickness. Most soap 
fibres are microscopic in size and the grease appears smooth: However, 
when the fibre bundles are large enough to be seen with naked eye, the 
grease acquires a FIBROUS appearance. The fibrous structure is also 
noticeable when the grease is pulled apart. Greases having this fibrous 
structure tend to resist being thrown off gears and out of bearings. 

The most common example of a FIBROUS grease is sodium-base 
grease. Petrolatum also has fibrous structure. 


It is a mixture of oils and waxes stabilised by a third component and is 
obtained from still residues of paraffin base crudes after fractionation. It 
does not leave an oily stain on paper as wax is the external phase and 
oil the internal phase. It can be used as a grease. 


It is the name given to a soap in which the soap crystal or fiber is 
formed by Co-crystallisation of a normal soap (such as metallic stearate 
or oleate) with a complexing agent (such as metallic salts of short 
chain organic acids like acetic acid or lactic acid, or the inorganic salts 
like carbonates or chlorides). 


A complexing agent usually increases the Dropping Point of a grease. 


(i) Weight of coal sample, wi =25¢g 
Weight of empty crucible, w2 = 19.35 g 
Weight of crucible + sample, w3 = 21.85 g 
Weight of crucible + sample, after 
heating at 105-110° C, ws = 21.765 g 
Loss in weight (Moisture) = Wi-W4 
= 21.85—21.765 
= 0.085 g 
Therefore, % Moisture = HE X 100 = 3.4 


And weight of crucible + residue, 
after ignition (Ash), ws = 19.595 g 


i 
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Weight of Ash = ws — w2 = 19.595—19.35 
f = 0.245 g 
Therefore, % Ash 2 X 100 = 9.80 
(ii) Weight of sample, w: = 25g 
Weight of empty crucible, w2 = 19:345 g 
Weight of crucible + sample, w3 = 21.845 g 
Weight of crucible + sample, after 
heating at 950 + 20°C, wa = 20.873 g 
Loss in weight, = w;—ws; = 21.845—20.873 
= 0.972 g 
Therefore, % Volatile Matter (V.M.) = nE X 100— 
í =% Moisture 


= 38.88—3.4 = 35.48 


(iii) % Fixed carbon (F.C.) = 100— %[Moisture + Volatile Matter + 
Ash] 


= 100— [3.4 + 35.48 + 9.80] 


= 51.32 
Calorific value (Equation 5.3) = 82 X F.C. + œ X V.M. 
(Goutel’s formula) 


= 82 X 51.32 + 80 X 35.48 
= 7046.64 cal/g 


| 


137. Presence of HCI prevents precipitation of chromates, carbonates and 


138. 


phosphates which are insoluble in neutral solutions. Also the precipitate 

formed in presence of HCI is coarse and consists of large crystals which 

are more readily filterable. But excess of HCI should be avoided as 

solubility of BaSO; increases due to the formation of bisulphate ion: 
SO; +H = HSO: 

However, in presence of excess of Ba% 


OMS F , the solubilit a i 
solution containing HCI up to 0.05N is n ES Sat 


egligible, 


During precipitation of an insoluble salt, some substances normally 
soluble in the mother liquor are carried down. This contamination of 
the precipitate with salts which are otherwise soluble is known as 
coprecipitation. Nitrate, if present, has to be decomposed by boiling the 
solution with a large excess of HCI before precipitation. Coprecipitation 
of BaCl: may however be reduced by carrying out the precipitation at 
(i) boiling temperature, (ii) low concentration of BaCl; and sulphate 
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solutions and (iii) slow mixing of the two solutions with constant 
stirring. ‘ : 


139. Due to loss of acid during digestion, the concentration of the boiling 
mixture with respect to ammonia may become too large and at the 
prevalent high temperature, loss of ammonia due to volatilisation may 
take place. To avoid this, sufficient sulphuric acid should be added 
during digestion so that 10-15 g of it remains in the free state at the 


end of digestion. 


140. HgO and Hg have been reported to be the best catalysts but their 
presence leads to the formation of mercuro-ammonium compounds 
which are not completely decomposed by NaOH. So after digestion, 
25 ml of an 8% sodium thiosulphate solution or a 4% KS solution is 
added which decomposes the mercuro-ammonium compounds and 
remoyes mercury as sulphide. 


141. Zinc reacts with alkali to form hydrogen gas whose evolution helps in 
the regular ebullition (boiling) during distillation: 


Zn +2 NaOH —> NaZnO: + H: 


142(aXi), Weight of coal sample = 0.24 g 
Weight of CO2 formed = 0.792 g 
Weight of H:O formed = 0.0216 g 
12 ight of CO» 
Therefore, % carbon (C) ete oe x 100 
APE 44 weight of sample 
(equation 5.9) i Bess 
=— X —— X100= 
a OO Wap nA 
R 2 weight of H:O 
% Hydrogen (H) (equation HAS T8 x “weight of sample x 100 
2 _ 0.0216 
Ee eX 1000 
18° 0.24 
i (ii) Weight of coal =14¢g 
Volume of N/10 H:SOs taken = 50.0 ml 
Volume of N/10 NaOH used to 
= 10.0 ml 


neutralise excess of acid 
Therefore, volume of excess N/10 H2SO; = 10.0 ml 


Volume of N/10 H»SO; 
neutralised by ammonia 5 = 50—10 = 40.0 ml 
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Thereforé, % Nitrogen (N) 


ml of acid neutralised X normality X 1.4 
(equation 5.25) = 


weight of coal 


1 $ 
È 40 X To X 14 us 
SUN: Te 
(iii) Weight of coal =3.2g 
Weight of BaSO;, formed = 0.233 g 
Therefore, % Sulphur (S) 32 yei 
i v2) ight of BaSO, 
(equation 5.19) = 533 x SEENTEGA X 100 
D32 0.233 
733 x 32 X 100 = 1 
Hence % Oxygen (O) 
(equation 5.26) = 100—[C+H+N+S] 
= 100—[90+1+4+ 1) 
=4 
Gross calorific value 0 
(equation 5.4) = T00 [8080C + 34460(H — 7 ) + 2240 S] 


SLE a 
= Foo [8080 x 90 + 34460(1 — $ ) + 2240 1] 


ad 
= Foo [727200 + 17230 + 2240) 
= 7466.70 cal/g 


Net calorific value ( N.C.V.) 
(equation 5.5) 


9H 
= G.C.V.—— 5 
100 X 587 


9X1 
= 7466.70 — ——— 
100 X 587 


= 7466.70 — 52.83 
2 = 7413.87 cal/g 


(b) Proximate analysis is essential to assess the suitability of a coal 
for a particular domestic or industrial purpose whereas ultimate 
analysis is essential to calculate the heating value of coal. i 

Proximate analysis is comparatively cheaper and simpler as 
against ultimate analysis which is very tedious and the cost of 
equipment needed is very high. 
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However, the two types of analysis are complimentary and, 
taken together, provide necessary and sufficient data to decide 
about the quality of coal 


Cuprous chloride solution being a reducing agent is oxidised to ar 
appreciable extent and acquires a greenish black colour on standing: 


2 CwCh + 4 HCI + O: — 4 CuCl: + 2 hO 


Addition of copper turnings, wire or gauze to the storage bottle reduces 
the'solution back to Cu:Clz and the solution acquires a 


CuCl + Cu — CwCh 
straw yellow colour. 


As it is not practicable to shake the apparatus, the rate of absorption of 
the flue gas constituents would be quite slow. In order to achieve 
speedy absorption, the surface area of contact between:the gas and the 
absorbent solution is increased by placing a large number of glass tubes 
or beads in the pipets containing the absorbent solutions. 


Water may preferentially dissolve some constituents of the flue gas and 
thus change its composition. The solubility of gases in water is con- 
siderably reduced due to the presence of NaCl. 


They impart a colour (reddish) to the confining liquid so that its level 
in the water-jacketed burette may be conveniently observed. 


The oxygen absorbent, i.e., alkaline pyrogallol solution can absorb both 
CO, and O>. Hence the gas sample should be passed through this 
solution only after the CO» content has been removed. Also the carbon 
monoxide absorbent, i.e., acid cuprous chloride can react with both O2 
and CO. So the gas sample should be led.to this solution after 


removing O2. , 
Thus, in order that only one constituent be removed by each absor- 


bent, it is important that the flue gas should be brought into contact 
with various reagents in the following specific sequence or order: 


(i) CO absorbent — KOH solution 
(ii) Oz absorbent — Alkaline pyrogatlol solution 
(iii) CO absorbent—Acid cuprous chloride solution. 


Pyrogallol, also known as pyrogallic acid, is 1,2,3-trihydroxybenzene 
and its structural formula is 


OH 


OH 
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Acidic gases in the flue gas sample, if present, react with alkali: 
H-S + 2 KOH — K.S+2H30 
SO: + 2 KOH — K>SO; + HO 
HCN + KOH — KCN + H,O 


They are therefore absorbed along with CO>. Thus higher results ror 
CO; are obtained. 


These gases are not absorbed by any of the three absorbents used. 
Unless special modifications are made in the Orsat apparatus to measure 


their amounts, they will be reported as N>. Hence the results of N: will 
be higher. 


Temperature and pressure of the experiment affect the total volume of 
the gas but not the percentage composition provided they (T & P) 
remain constant throughout the experiment. This is because the effect 
of deviation of some constituents from ideal behaviour within normal 
temperature and pressure ranges. is negligible. However. the rate of 
absorption may slightly be affected. 


The water-jacket serves the purpose of a thermostat. It helps in keeping 
the temperature constant during the experiment. 


Instrumental methods Orsat Apparatus 


1. Methods — 1. 
(a) Mass spectrometry 
(b) Gas chromatography 
(c) Low temperature frac- 
tional distillation 


Analysis by Orsat apparatus 
is also known as constant 
pressure volumetric analysis 
or chemical absorption 
analysis. 


N 


They produce detailed analysis 2, 


Scope is limited to the 
of the sample. 


analysis of CO2, O+, CO and 
N: (H: & a few hydrocarbons 
with specially equipped labo- 
ratory Orsat apparatus) yet the 
information available is quite 
useful for regulating combus- 
tion. 
3. Require less effort on the 3. 
part of the operator and 
results are obtained quickly. 


The procedure is cumbersome 
and time consuming. 


4. Capital investment is very high 4. The apparatus is inexpensive. 


5. The apparatus is complex and The apparatus is very simple 
demands greater maintenance. _ and maintenance cost is 
negligible. 
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A fuel gas is a fuel in the gaseous state. It contains some of the 
cumbustible gases like H», CO, CH, or other hydrocarbons. Small 
amounts of non-combustible gases like CO2, Nə and O» may also be 
present. Calorific value may vary from about 1000 k cal/m* to about 
12000 k cal/m’. 

Flue gas is the term used for the products of combustion of a fuel, 
coming out of the exhaust pipe of an automobile or the chimney of a 
furnace. Its major constituent is N2 (usually more than 50%). CO2, CO 
and O» are present in varying amounts depending upon the extent of 
combustion. Small amounts of SO>, unburnt H> and/or hydrocarbons 
may also be present. They have high sensible heat that can be utilised 
with the help of regenerators. Calorific value is very low and increases 
with the amount of CO, e.g., Blast Furnace gas that contains up to 
25% CO has a calorific value of about 800 k cal/m’. 


Time required to decompose the iron ore with acid decreases sharply 
with the decrease in the particle size of the ore. Ten minutes of proper 
grinding in an agate mortar often saves hours of treatment with acid. 


(1) Any organic matter associated with the ore is oxidised to CO, 
during roasting. 
(2) Roasting also decomposes any pyrites present in the ore and 
removes sulphur as SO>: 
2FeS. +50: — 2 FeO + 4 SO, 


4 FeO +O: — 2 Fe20; 


(3) Any arsenic impurity is also removed as oxide: 
4 As + 3 0: = 2 As:0; 


is added during reduction, a much larger 
be added to remove the excess of SnCl2. 
This means wastage of reagents. Also, a very thick or heavy precipitate 
of Hg>Ch will be formed which slowly reacts with the oxidising titrant 
(K2Cr2O-; or KMnO3) and also reduces ferric complex formed during 


the reaction leading to inaccurate results. 


When a large excess of SnCl 
amount of HgCl> will have to 


In all the three cases, the Hg2>Ch, formed initially, immediately reacts 


with more Sn™ ions present 
Hg:Cl: + Sn” — 2 Hg + Sn) 2,Gli 
, which reacts 


forming grey or black mercury in the finely divided stat 
in presence of 


with the oxidising titrant and also slowly reduces Fe“ 
Cl ions: 

2Hg+2Fe +2Cl — HgCl: +2 Fe”, 
thus giving inaccurate results. 
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(a) To avoid the atmospheric oxidation of Fe” to Fe” which is 
quite appreciable in hot solution. 
(b) To avoid the precipitation of Hg on the addition of HgCh. 


It indicates that stannous chloride has not been added in excess which 
means that reduction of Fe” to Fe” may be incomplete. 


HPO, complexes the Fe” ions formed during the titration and thus’ 


removes the yellow colour due to FeCl;. This makes detection of the 
end-point easier. 


Internal Indicator: A substance that can be added to. the reaction 
mixture to indicate the equivalence point of the titration. 


Example: Phenolphthalein in acid-alkali titration. 
External Indicator: An indicator which is not added to the reaction 
mixture. Rather, a drop of the reaction mixture is removed and mixed 


with a drop of the indicator on a glazed tile. 


Example: KSCN is used as external indicator for testing complete 


reduction of Fe™ to Fe” during the reduction of iron ore solution . 


with Zn and H2SO,. 


Self Indicator When one of the reactants itself acts as indicator and no 
external substance is required. 


Example: In the titration of oxalic acid with KMnO,, the titrant itself 
acts as indicator. 


The external indicator used is a solution of potassium ferricyanide, 
K [Fe(CN)]. 


Preparation: A small crystal of K;[Fe(CN).] is washed repeatedly with 
distilled water to remove the Superficial coating of the ferrocyanide. 
The washed crystal is then dissolved in distilled water to get an 
approximately 0.1 per cent solution, 


T n the form of drops on a dry glazed 
tile (A glass rod or a dropper may be used). The ae ikon is 
then added in small portions to the iron ore solution and after each 
addition, a drop of the reaction mixture is removed with a clean glass 
rod and mixed with one of the drops of the indicator. A deep blue 
colour appears: 


3 Fe” + 2[Fe(CN}} —> Fe:[Fe(CN)s} 
Ferroferricyanide 
(Prussiun blue) 
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or FeSO, + K3[Fe(CN)«] — K Fe[Fe(CN).] + K2SO; 
Potassium ferroferricyanide 


As the addition of dichromate solution is continued, the concentration 
of Fe” ions decreases, and on testing with a fresh drop of the indicator 
a bluish-green and then green colour appears. The titration is complete 
at a stage when a drop of the iron solution on being mixed with a 
drop of the indicator on the tile shows no trace of green-a slightly 
brownish tint superimposed on the yellow is observed. 


(1) To get good drops, the glazed tile should be perfectly dry (A 
piece of blotting paper may be used for drying). 

(2) After each testing, the glass rod must be washed with distilled 
water otherwise some indicator solution sticking to the tip of the 
glass rod will get transferred to the reaction mixture and spoil it. 

(3) Each time the glass rod is dipped into the reaction mixture, some 
Fe™ ions are removed and consequently lower results will be 
obtained. To reduce this loss, testing should be started near the 
end-point, i.e., after the first titration, the dichromate solution 
should be run into the Fe” ion solution, without testing, to 
within 0.5 ml of the previously determined end-point. Then the 
dichromate solution should be added dropwise, testing the reaction 
mixture after each addition. 


This helps in two ways: 
(a) Number of withdrawals for testing is reduced. 


(b) Concentration of Fe~ ions near the end-point is very small 
and so loss of iron is not appreciable. 


(1) Detection of the end-point is quite cumbersome. 
(2) Lower results are obtained because of loss of Fe™ during testing. 


It will immediately react with Fe” ions producing the deep blue colour 
of ferroferricyanide. The ferrous ions thus combined will not be avail- 
able for oxidation and also the detection of the end-point will not be 


possible. 
The hydrogen bubbles escaping the solution may carry along with 


them appreciable amounts of iron ions. When the bubbles pass through 
the narrow tube of the funnel, majority of them break and the loss of 


iron is reduced. 


A.R. zinc reacts very slowly with dilute H2SO,. Copper sulphate 
increases the rate of dissolution of Zn and thus the production of 


hydrogen, by setting up a galvanic cell. 


When HCI is present, some KMnO; may be consumed in the oxidation 
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of Cl ions: 
MnO; + 8H' + Se — Mn” + 4H>O] X 2 


2Cl —> Ch + 2e] X5 


2MnO; +:16H' + 10C —> 2Mn” + 5Cl, + 8H2O 
Thus KMnO; titration may give higher results. 


Many iron ores are very difficult to decompose by H2SO;. So the 
solution has to be prepared in HCI. If it is to be titrated with KMnO,, 
the following methods may be used: 

(a) The iron ore solution is reduced with SnCl,/HC] (excess SnCh, 
being removed with HgCl.). The solution is then titrated with 
standard KMnO; in pesence of Zimmermann-Reinhardt Teagent 
(MnSO..4H>O + water + HSO, + HPO.) which is also 
known as preventive solution. Presence of excess of Mn?" reduces 
the oxidising power of KMnO,. Also the reducing power of Fe” 
is inceased by the presence of phosphoric acid which complexes 
Fe™ ions. Thus the possibility of the oxidation of Ci with 
KMnO; is reduced. 

(b) The best method is to expel HCI by evaporating the iron ore 
solution with H2SO,: 


2H(FeCl;) + 3H2SO, —> Fe,(SO,); + 8HCIt 
and dissolving the residue in dilute H:SO4 followed by reduction 


with zinc and H2SO,. 
Reduction with amalgamated zinc is much more rapid than with zinc 
and H2SO,. As no hydrogen is evolved, 

.2Fe* + Zn —> 2Fe?* + Zn” 

there is no loss of iron. 
AR granulated zinc is taken in a beaker and covered with a 2% 
solution of HgCl». The mixture is stirred with a glass rod for about 10 
minutes. The solution is then decanted and the residual zinc amalgam 
formed is washed Tepeatedly with distilled water by decantation. 
1. Sulphurous acid or SO: (Na2SO;/H>SO,) 
2. HS 
3. Titanous chloride (TiC) 
4. Mg/H2SO, 


Both As (IIT) and Sb (III) react with I> as per the following reactions: 
HAsO; + b + HO — HAsO; +2 Ht +91 
H3SbO; + k + WO — H,SbO; + 2 H +27 
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Thus, if arsenic and antimony are present in the trivalent state, a part 
of iodine liberated by copper will be used up and the results will be 
lower. Though the reactions are reversible, the backward reaction, 
namely, the oxidation of I by As(V) and Sb(V) above a pH of 3.2 
ar ane by buffer) is not appreciable and so no interference is 
caused. 


176. Even when present in trace amounts, NO? and nitrogen oxides cause 
very marked interference by oxidising I to b. 


NO; + 2H' +e — NO+H,0]X2 
27 —> b+2e 


2NO; + 4H’ + 2T — 2NO+1L+2H,0 
Nitric oxide is readily oxidised by air to NO2 which in turn 
2NO+ O, — 2NO2 
reacts anew with iodide to form more iodine and NO and the cycle 
NO, + 2H’ +21 —> NO+h + 0 
is then repeated. For this reason, when the solution is titrated with 


thiosulphate in presence. of starch, the blue colour returns again and 
again and no permanent end-point can be obtained. 


177. Both nitrite and nitrogen oxides are eliminated by heating with urea in 
acid medium. 
2NO3 + NH2-CO‘NH2 + 2H — 2N: + CO: +3 HO 
6NO: + 4NH2-CO-NH, —> 7N: + 4CO2 + 8H,0 
NO; + NO +NH)-CO-NH; —> 2N: + CO: + 2H:0. 


Nitrous acid (nitrite in acid medium) can also be eliminated by 
treating the solution with sulphamic acid: 


HNO: + NH::SO:;:H — N2 + H2SO; + H0 


178. Any iron present in the ore or alloy gets oxidised to Fe” during 
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Preparation of the solution. Fe” oxidises T to L: 
Fe” + e == Fe* ] x 2 
2. = +I, + 2e 
SS ee ee 
2Fe” + 25 —= 2 Fe + 1, 
Thus, results will be high. 


Ethylenediaminetetra-acetic acid (EDTA) and Pyrophsophate form 


stronger complexes with Fe” than’ with Fe” and thus avoid interference 
by Fe”. , : 


Atmospheric oxidation of I is catalysed by low pH, 


20 — h+2e}]x2 
O: + 4H’ + 4e —> 21,0 


4. +O,+ 4H — 2L + 2H20 


Cu’ ion, nitrite ion, nitrogen oxides and sunlight. 
(a) At low pH values As(V) and Sb(V) will interfere by oxidising 
Tè 


(b) The reaction between Cu” and T goes to completion only under 
conditions where Cul remains insoluble. If the PH is very low, 
Cul dissolves and the reaction becomes reversible: 


2Cu" + 2T == 2Co +h, 


and results are inaccurate. 
(c) Low'pH catalyses atmospheric oxidation of T. 


On adding KI to Cu” solution, a white precipitate of Cul is formed 
but the white colour is Not visible because of brown colour of G 
Produced by the reaction of liberated iodine with excess T: 

L+ — B 


A small amount of I gets adsorbed on th 
addition of thiocyanate, the Surface layers 
less soluble cuprous thiocyanate: 


surface of Cul, On the 
of Cul are converted into 


Cul + CNS —> Cu(CNS ) + © 


In the process, the adsorbed iodine gets desorbed (which intensifies the 
blue colour) and is immediately titrated to the disappearance of the 
blue colour. 


184. 


185. 


186. 


187. 


188. 


189. 


190. 


191. 


192. The guard tu 


„of AgSCN and escape react 
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Reappearance of the blue colour at the end-point indicates 

(a) the occurrance of one or more of the factors that catalyse atmos- 
pheric oxidation of I (Ex. 180) 

(b) reaction between the oxidising agent and T is slow and sufficient 
time has not been allowed. 


Tap water contains considerable amounts of CI ions which interfere 
with the estimation. 


(i) It prevents the hydrolysis of Fe” ion 
(ii) It discharges the brown colour of ferric alum indicator. 


Nitrous acid, if present, will react with thiocyanic acid and produce a 
red colour which may be mistaken for the end-point. 


AR. nitric acid is diluted with an equal volume of distilled water and 
boiled until it is perfectly colourless. Boiling expels any lower oxides of 


nitrogen. 


As a drop of thiocyanate solution is added to Ag’ ion solution 
containing Fe” ion, a reddish-brown cloud is first formed which 


Fe” + SCN —> [Fe(SCN)]" 
reddish-brown 


quickly disappears on shaking because of its reaction with Ag’ ion: 


Ag’ + Fe(SCN)* —> AgSCN! + Fe” 
As the concentration of Ag’ ions decreases, the above reaction becomes 
slow, i.e., the reddish-brown colour disappears only slowly when the 
end-point is approaching. 
Some Ag’ ions get adsorbed on the surface of the flocculent precipitate 
tion unless vigortously shaken. Thus a 


premature end-point may be obtained and the results will be low. 


(i) The stream of CO; drives the Ch produced to the conical flask 


containing KI solution. i . 
(ii) It dilutes Cl and thus helps in more efficient absorption. 
(iii) It also inhibits the back-suction of KI solution into the distillation 


flask. 
be contains some glass beads moistened with KI solution. 


Any trace of Cl or I, vapour that escapes absorption in the conical 
flask is retained by the KI solution in the guard tube. 
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193. Cl. gas coming from the distillation flask will raise the temperature of 
the KI solution which may lead to some loss of iodine. 


194. It is used for bleaching the yellow colour due to-the presence of Fe203. 
MnO; imparts a purplish colour which by combination with yellow 
colour makes the glass appear colourless, 


195. It occurs as a black-coloured rock. 


196. Both sodium oxalate and sodium arsenite (prepared from A.R. As2O; ) 


197. (a) The half cell reaction for the oxidation of iodide to iodine 
monochloride is given by 


Paar =~ ICI + 2e, 
which shows that there is 2-electron change per iodide ion. 


Hence the equivalent weight of KI = =e 


166 
pera 


(b) The half cell reaction for iodate is given by 
TO; + 6H + Cr + 4e — ICI + 3H20 


which shows 4-electron change per iodate ion. Hence the equiva- 


lent weight of KIO; = Hom = 214 


198. Iodine is only slightly soluble in wate 


199. At lower HCI concentrations, the rate of T 


eaction near the end-point 
becomes very slow and may lead to an Over-consumption of KIO. 


200. Any chloride and/or extra oxalate ions Contaminated with the precipitate 


201. 


202. 


203. 


204. 


.205. 


206. 


207. 
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will consume extra KMnO; solution and thus the results will be higher. 


When magnesium content of limestone is high, magnesium oxalate gets 
coprecipitated with calcium oxalate. In such a case, redissolve the 
precipitate of calcium oxalate on the filter paper and in the beaker in 
20-25 ml of hot dilute HCI. Dilute to about 100 ml and precipitate 
with about 5 ml of hot 8% ammonium oxalate and proceed as per the 
nor.aal procedure. 


The combined filtrate and washings from the oxalate precipitation 
(calcium estimation ) are difuted to a known volume (say, 250 ml). 50 
ml of this solution is titrated with a standard solution of EDTA at a 
pH around 10, using Eriochrome Black-T as indicator (3.3.2, p. 53). 
The results are reported as Magnesium oxide. 


CaCO; does not react with iodine and so does not interfere. MgO 
reacts very slowly and so slightly higher results may be obtained. 


Both calcium oxide and calcium hydroxide are more soluble in sucrose 
solution than in water. CaCO; is relatively insoluble and is removed by 


filtration. 


Glass beads help in grinding of lime and thus facilitate its extraction 
with sucrose solution. 


Firstly, MgO does not react with water to any great extent, except on 
long standing. Secondly, solubility of Mg(OH ) is very very low and 
any small amount formed is retained by the filter paper. 


(a) Slaking is hydration of quick-lime to give calcium hydroxide 
(reaction 7.2). When lumps of quick-lime are added to water 
(i) about 2 parts by weight of quick-lime react with 1 part of water 
(ii) the lumps disintegrate and crumble to give a fine powder called 
‘Slaked’ or ‘Hydrated’ lime 
(iii) about 2.75 Kcal of heat are evolved per kg of lime slaked 
(iv) the breaking of lumps and conversion of water into steam due to 
the high heat of reaction produce crackling and hissing sound 
the volume of slaked lime is about 2 to 3 times the volume of 


quick-lime used. 


(v 


< 


(b) The rate of slaking reaction decreases with 


(i) increase in the percentage of MgO 
(ii) increase in the amount of other impurities 


(iii) increase in lump size 
(iv) decrease in porosity 
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(v) dercease or increase in the temperature of calcination of lime-stone 
during manufacture of lime. 


208. Quick lime slowly absorbs moisture and CO; from atmosphere: 
CaO + H:O — Ca(OH): 
CaO + CO, — CaCO, 


Its available lime therefore goes on decreasing on continued exposure 
to air. 


209. A suspension of slaked lime in water is termed as milk of lime. Its 


filtrate, which is the clear aqueous alkaline soluiton of calcium hydroxide 
is known as lime water. 


210. When lime-stone is calcined at low tem 
CaCO; is incomplete. The product, which is porous and whose volume 
is not much less than that of the original lime-stone, is known as ‘Soft’ 
lime. Because of lower CaO content, soft limes slake slowly. 

Calcination of lime-stone at high temperature produces a more 
compact and dense product which is known as ‘Hard’ or ‘Over-burnt’ 
lime. Some lime reacts with SiO; and AkO; producing silicates and 
aluminates. Chemical reactivity or rate of slaking reaction is lower 


because of decreased surface area (due to higher density) and lower 
CaO content. 


perature, the decomposition of 


211. On the basis of the amount of (e 


associated materials such as MgO, 
as: 


aO present and the nature of the 
SiO: and Al:O;, limes are classified 


(a) Fator High-calcium limes 

(i) contain about 95% CaO and sm 

MgO, SiO», AhbO,, Fe20;, eta os 

(ii) slake rapidly with evolution of 
increase in volume, 


(iii) have good sand-carrying Capacity and mortar sets to a strong mass. 


all amounts of impurities like 


latge amounts of heat and a large 


(b) Lean or Low-calcium limes 
(i) contain 70-80% CaO, the Temaining being MgO, SiO», Fe,O; and 
ALO, BIE Gy 
(ii) slake slowly with smaller incre; 
and evolve less heat, 


(iit) have low sand-carrying Capacity and mortar develops lower strength. 


ase in volume, require less water 


(c)  Magensium limes 
(i) contain 10-25% MgO; the percenta 


ge of impurities like SiO». 
AlO; and Fe:O; being small, \ 
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(ii) slake slowly with less evolution of heat and less expansion as 
compared to fat limes, 

`i (iii) have lower sand-carrying capacity; mortar is plastic, can be easily 

worked, sets slowly to a harder but more smooth surface; so used 

as finishing coat in lime plastering. 


(d) Dolomitic or High-magnesium limes 
(i) contain 25-40% MgO, 
(ii) slake very slowly with very little expansion and evolution of heat, 
(iii) are too costly to be used in masonary work; mainly, used as flux in 
metallurgical operations and for production and repair of basic 
refractories. 


(e) Hydraulic limes 
(i) contain 70-90% CaO, 10-30% clayey matter (SiO: + ALO; + 


Fe,0;) and less then 2% MgO, 
(ii) slake very slowly with very small expansion and evolution of heat, 
(iii) set under water without shrinkage (do not crack) and are used as 


inferior grade natural cements, 
(iv) are further graded into: 


Feebly hydraulic — 10-15% clayey matter 


” ” 


Moderately hydraulic — 15-20% 
| or Semihydraulic 


Eminently hydraulic — 20-30% 


» » 


~ 212. There may be some loss of nitrogen on addition of the acid-mixture if 
| the whole of the sample does not come in immediate contact with 


salicylic acid. 


form of the corresponding nitroderivative but they are less satisfactory 


| 213. Phenol or benzoic acid may be added to fix the nitrate nitrogen in the 
| then salicylic acid. 


l 214. After the reaction of the sample with acid mixture, anydrous sodium” 
thisoulphate is added which reacts with H2SOs to produce SO2: 


$0} + 2H’ — S+ SO. + HO 
The SO, so produced reduces nitrosalicylic acid to aminosalicylic acid: 


OH 
OH 
COOH COOH 


+ 3SO, + 420 —> +3 H250; 


NO. NH2 
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215. It is the process of raising crops on a soil alternately in such a way that 
one crop, increases concentration of a particular nutrient that is depleted 
by the other. Thus planting of legume crops (peas, beans, grams, etc. ) 

-increases the nitrogen content of soil and so this crop may be alternated 


with wheat or other crops needing large amounts of nitrogen for their 
growth. 


216. Organic farming includes the use of Crop rotation and organic manures 
such as animal wastes for increasing soil fertility. For organic farming to 
be feasible, farmers must have plenty of livestock. An organic manure 
of recent discovery is obtained by drying algae, fungi and mosses and 
converting them into powder. Large scale organic farming may indirectly 


help in energy conservation and also reduce environmental pollution. 


217. Compost is a cheap organic manure containing appreciable amounts of 
nitrogen and phosphorus. It is easily prepared by the farmers on the 
farm by burying waste plants, leaves and animal dung in pits and 
covering them with soil, where anaerobic decay takes place. 


218. With a hope to increase the crop yield, farmers tend to overfertilize 

their fields. Use of fertilizers more than the optimum amounts 

(a) leads to economic loss 

(b) may become toxic to certain plants 

(c) may increase weeds, and 

(d) may become the cause of environmental 
drained from fields to lakes cause eutrophica 
growth). 


pollution—nutrients 
tion (excessive algal 


219. Heating the solutions above 45°C may hydrolyse molybdate to moly- 
bdic acid: i 


MoO; + 2 œO === H,Mo0, + 2 OH, 
(MoO;.H2O, white ppt. ) 
which will be filtered alon 


g with ammonium Phosphomolybdate and 
will consume additional alk 


ali. Hence, the results will be higher, 


220. The yellow colour indicates that the Precipitate of ammonium phospho- 
molybdate is in the finely divided state and is not being retained by the 
filter paper. The precipitate should be made afresh. 


221. (a) The filtrate should not decolourise 1 ml 
ing 1 drop of N/10 NaOH and 1 drop of 
(b) The colours produced by 5 drops of 
washing liquid (1% KNOs) with one dro 

. match. 


of distilled water cotain- 
phenolphthalein. 

filtrate and 5 drops of 
P of methyl red should 


222. Any organic or inorganic material of natural or synthetic origin which 
is added to the soil to supply elements essential to plant growth and 


223. 


226. 


227. 


, 224. 
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thereby increase the crop yield is known as a fertilizer. 


In addition to C, H and O, some or all of the following elements are 
known to be essential for the proper development of one or more 
plants. 


i wees : 
(a) Macro-nutrients — Nitrogen, phosphorus and potassium are 
needed in relatively large amounts. 


(b) Secondary nutrients — Calcium. Mg and S are needed in relatively 


smaller amounts. 


(c) Micro-nurtients — Fe, B, Mn, Cu, Zn, Co, Se, Mo and Cl are 
needed only in trace amounts. 


The N-P-K value of a fertilizer represents the percentage of N, P2Os 
and KO equivalent to nitrogen. phosphorous and potassium respect- 
ively, present in the fertilizer: 


Thus, the N-P-K value of urea = 45-0-0 
Diammonium phosphate = 21-53-0 
K:S0O; = 0-0-34 


. The principal components of the majority of phosphate rocks is Fluora- 


patite [Ca; (PO; )z 3CaF>]. Other substances that may be present include 
small amounts of CaCOs, CaCh, CaSO., MgCOs, silica, FexO3, A203, 
combined water and organic matter. 


B.P.L. stands for Bone Phosphate of Lime and is the trade name for 
the Ca(PO; ): content of phosphate rock. A rock with high B.P.L. 


content fetches higher price. 


Phosphorous in soils and in fertilisers is generally present as orthophos- 
phates — water soluble ammonium phosphate and monocalcium 
phosphate [Ca( H2PO;], less soluble basic calcium phosphate [Ca3(POs )2] 
— though other forms of phosphate and organophosphorus compounds 
are also encountered. ‘Available or assimilable phosphorus includes only 
that part of total phosphorus which the plants can absorb from the soil. 
There is no general agreement on the best chemical method of measur- 
ing phosphorus availability and the various procedures proposed for 


available soil-phosphorus are: 


(a) Extraction with water followed by ex 
nium citrate solution 

(b) Extraction with dilute acid 

(c) Extraction with fluoride 

(d) Extraction with bicarbonate. 


traction with neutral ammo- 


234 APPLIED CHEMISTRY 


228. A known weight of the Powdered sample is first extracted with several 


229. Nitrogen — NH;, NO; 
Phosphorus — H2PO; 
Potassium — K* 

230. 40H + Ch — 20cr + 2 HO + 2e 

Ch + 2e —> 2Cr 
40H +2¢CL — 2 OCI + 2Clr + 2 H,O 
231. When moist bleaching powder is allowed 


(ClO3) is formed which reacts very slowly w 
acetic acid: 


to stand, some chlorite 
ith iodide in Presence of 


ClO} + 4H + 4e —> cr+2m0 
20 —> bh+2e}x2 


ClO; +4 H +47 —, Cl +2b+2H0 
This slow libe 
int. In 


hypochlorite. 


232. When strongly acidified with HCI, calcium chlo 
present in small amounts and 
slowly with iodide liberating addi 


rate, which is usually 


is not a bleaching agent, also reacts 
tional iodine and 


ClO; + 6H + 6 —> Cr+ 5H.0 
2T — L+2]X3 


ClO; + 6H +6r —, C+3h+3H.0 
thus higher results are obtained, 


233. The arsenite method is considered to be more accurate then the 


iodometric method as there is no risk of the interference from chlorate, 


234. 


235. 


236. 


237. 


238. 


259: 


240. 


241. 
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To 50 ml of the sample solution in a conical flask, add 'a known excess 
of 0.1 N As:O; solution. Mix well by shaking and titrate the excess 
As:0; with 0.1 N iodine solution, after adding 2 ml of freshly prepared 
starch anrop Calculate available chlorine from the amount of As:0; 
consumed. 


Bleach liquor is the trade name for a clear “Hypochlorite solution’ 
generally used for bleaching purposes. It is made by shaking bleaching 
powder with distilled water, allowing the ‘mud’ to settle down and 
decanting off the clear supernatant liquid. It generally contains from 20 
to 35% available chlorine. A relatively weaker (10-15% available 
chlorine) but more stable bleach liquor is prepared by passing Clo gas 
into’a cold solution of NaOH. ; 


The cloth is dipped into the bleach liquor and then drawn through. vats 
cotaining dilute HCl or H2SO;: To remove excess of chlorine from 
cloth, it is drawn through an antichlor bath containing Na2S2O; or 
NaHSO; solution. Finally, it is freely washed with water, squeezed, 


dried and calendered. 


1. It should contain at least 35% available chlolrine. 

2. A 6% suspenson of it in distilled water, thoroughly stirred for 15-20 
minutes, should settle clear within one hour so that bleach liquor 
may be prepared without much loss of Ch. 


The strength of a bleaching powder sample in French or Gay-Lussac 
Degrees indicates the number of litres of Cl, gas, measured at 0°C and 
760 mm pressure, that can be obtained from one kg of the sample 
(100 French Degrees = 31.78% Clb). 


(1) Hydrogen peroxide 
(2) Ozone 


(3) Chlorine gas 
(4) Benzoyl peroxide (C:Hs COO): 


(5) Nitrosyl chloride (NOCI ). 


capillary tube is flattened, ground and polished 


The lower end of the 
dropping surface with a sharp boundary. 


carefully to get a large 
flow of the liquid through the tip. The 
f falk of the drops however is made by 
n the rubber tubing. 


The capillary slows down the 
final adjustment of the rate O 
regulating the screw-pinch-cock 0 


The passage of the liquid meniscus may not exactly coincide with the 
marks X and Y when the drop faiis. The consequent error can be 
eliminated with the help of graduation. The number of divisions through 
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247. 
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which the liquid meniscus passes for the formation of one drop 1s 
determined. Let it be 5. Also, let the first drop formation commence at 
the 4th division below mark X and the last drop fall when the liquid 
meniscus is 2 divisions below the mark Y. Then the correction factor 


1 2 3 
for the number of drops is (+ 4 — 2) - Gin + 3 drops, that is 


2/5 (= 0.4) should be added to the number of drops counted to get 
the true number of drops formed from a volume of liquid between 
marks X and Y. 


The glass tube serves as an air-vent so that the pressure in the receiving 
bottle remains the same as the atmospheric pressure. 


Rise in temperature of a liquid increases the kinetic energy of its 
molecules. This decreases intermolecular forces of attraction, resulting 
in a decrease in surface tension. At the critical temperature of a liquid, 
its surface tension vanishes altogether since, at this temperature, the 
surface of separation between the liquid and its vapour disappears 
completely. 


It is the force of tension that always’ exists along the surface of 
separation between any two phases of different nature, e.g., the interface 
‘between immiscible liquids, between solids and gases, and between 
solids and non-dissolving liquids. Surface tension is only a specific case 
of interfacial tension when a liquid is in contact with air saturated with 
the liquid vapour. i 


The unbalanced forces of attraction acting along the surface of each 
liquid (individual surface tensions) are partly compensated by. the 


forces of attraction that the molecules of one liquid have for the 
molecules of the other. 


Parachor is equal to the motecular volu: 
at which its surface tension is unit 
constitutive property. 


me of a liquid at a temperature 
y. It is both an additive as well as a 


All such substances which when added 
water ) decrease its surface tension are call 
surfactants. Examples— 
of water, 


to a solvent (particularly 
led surface active agents or 
soap and alcohol decrease the surface tension 


As a liquid tends to have minimum surface area, any attempt to 
increase the surface area will require some work to be done. The 
amount of work required to increase the surface area of a liquid by 1 
cm’ is known as the surface energy of the liquid. It is expressed in 
ergs/cm*. Surface energy is numerically and dimensionally equal to 
surface tension (dynes/cm ). 
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rate constant of a second order reaction 
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saponification value 104 
settleable solids 81 
silver 150 
steam emulsion number 111 
strong acid number 102 
sulphur 127 
surface tension 181 
suspended solids 79 
temperature coefficient 27 
temporary hardness 51-2 
total solids 78 
turbidity 73 
viscosity 87 
volatile matter 123 
volatile solids 81 
Dichloramine 65, 68, 206 
Diesel index 213 
Dilution water 62, 204 
Disinfection 65. 69-70. 177 
Dissolved carbon dioxide 36-7 


Dissolved oxygen (DO) 56 
Dissolved solids 77, 80 
Dolomitic limes 231 

Drop number method 181-3 
Dropping point 115-7, 215 
Dynamic viscosity 87 


EDTA 50 

Efflux time 91, 209 

Emusions 108-9 

Energy of activation 28 
Equilibrium 187 

Equilibrium constant 11-3. 187 
Eriochrome black T 2, 50 
Essential elements 169, 233 
Explosive range 94 

External indicator 222-23 
Extreme pressure additives 84 


Factors affecting the rate of a reaction 15-7 
Fatty oils 84-5. 105, 215 
Ferrous in iron one 139-40 
Fertilizer 232-3 

Fibrous grease 215 

Fire point 94 

Fire triangle 94 

First order reaction 22 
Fixation of oxygen 58, 203 
Fixed carbon 124, 216 
Fixed solids 78-81 
Flammable liquids 94-5 
Flash point 94-7, 21] 
Flocculant aids 208-9 
Flocculation 74 

Flue gas 133-7, 221 

Fluid film lubrication 84 
Fourth order reaction 195 
Freaky flash 212 

Free chlorine residuals 66-8 
Freezing mixtures 210 
Friction 83 


Gas locks 95 

Gay-lussac degree 235 
Gelling agents 112 

Goutel's formula 124 
Greases 112-7 

Gross calorific value 125, 218 


Haber process 188 

Half life period 195 

Hard lime 230 

Hardness 46 

Hehner’s method 48 

Henry’s law 203 

Higher calorific value 125, 218 
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Horrock’s test 69 
Hydrodynamic lubrication 84 
Hydrogen in'coal 125-6, 217 
Hydraulic limes 231 
Hydroxide alkalinity 40-42 


Ignition source 94 

Imhoff cone 81 

Indicator blank 198 
Indicators 2 

Industrial cleaners 94 
Inherent moisture 119-20 
Inhlet correction 88, 209 
Inorganic acidity 100, 102 
Interfacial tension 236 
Internal indicator 222 
Invert emulsions 109 
Inversion of cane sugar 193 
Iodine solution 4 

Todine value 105-8 

iron ores 138 

Irreversible reactions 190-91 


Jackson's turbidimetry 72-3, 208 
Jar test 75 


Kjeldahl’s method 130 
Kinematic viscosity 88 

Kinetic energy correction 88, 209 
Koettsdoerfer number 103 


Lather factor 49 

Law of chemical equilibrium 11 

Law of mass action 15 

lean lime 230 

Le Chatelier’s principle 11, 14, 188-89 
Lime 166 

Limes 230-31 

Limestone 160, 162, 230 

Lime water 230 

Lower calorific value 125, 218 


Lubricating oils, Greases & Emulsions 83 


Macro-nutrients 169-70, 233 
Magnesium hardness 49, 52-5 
Magnesium limes 230 

Marble 160 

Methyl Orange Acidity 38 
Methyl orange Alkalinity 41 
Methyl Orange Indicator 2, 196 
Methyl Red Indicator 2, 196 
Micro-nutrients 233 

Milk of lime 230 

Mineral acidity 198 

Mixed aniline point 98 
Moisture content 119-20, 215 
Molecularity of a reaction 193 
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Nephelometric turbidity 73, 208 
Net calorific value 125, 218 
Neutralisation number 100 
Nitrogen in coal 129, 217-8 
Nitrogen in fertilizer 176 

Nitrogen in flue gas 136 
Non-carbonate hardness (NCH) 48 
Non-drying oils 106 

NPK value 233 


Order.of a reaction 22 
Ores & Alloys 138 
Organic acidity 100 
Organic farming 232 
Orsat apparatus 135, 220 
Overfertilisation 232 
Oxygen demand 56 
Oxygen in coal 132 
Oxygen in flue gas 136 


Parachor 236 

Paraflow 211 

Penetration number 112-3, 214 
Penetrometer 116 
Pensky-Marten’s flash point 212 
Permanent hardness 52 
Petrolatum 215 

Phenolphthalein acidity 39 
Phenolphthalein alkalinity 40 
Phenolphthalein indicator 2, 197 
Phosphate content 173 
Phosphate rock 173, 233 

Plant nutrients 169 

Poiseuille’s equation 87 

Post chlorination 73, 208 

Pour point 91-4 

Pour point depressants 210-11 
Pre-chlorination 207 

Primary standards 185 
Proximate anaysis 118. 219 
Pseudounimolecular reactions 193 
Pysolusite 152-160, 229 


Quick lime 229-30 


Rate constant 22 

Rate of a reaction 11, 15 
Redwood viscometer 87-90, 209 
Relative viscosity 88 

Residual chlorine 65 

Reversible reactions 10 


Saponification 30, 194 

Saponification value 103 

Second order reaction 22. 29, 194, 196 
Secondary nutrients 233 
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Self indicator 222 
Semidrying oils 107 
Settleable solids 78, 81 
Significance of 
acid value 100 
acidity 38 
alkalinity 39 
aniline point 97 
ash content 120 
chemical oxygen demand (COD) 63 
chloride content 44 
cloud & pour points 92 
CO: in water 36 
Coagulation 75 
dissolved oxygen (DO) 56 
dropping point 115 
hardness 49 
iodine value 106 
penetration test 113 
saponification value 103 
sulphur in coal 126 
turbidity 72 
viscosity & viscosity index 85 
volatile matter 123 
Silver ores & alloys 150 
Slaking of lime 229-30 
Soap titration 49 
Soft lime 230 
Soild point 93, 210 
Solids 77 
Soluble oils 214 
Spalling 122 
Sparking 125 
Specific reaction rate 22 
Spontaneous ignition temperature (SIT) 
211 
Stalagmometer 181-2 
Standard hard water 3 
Steady state 187 
Steam emulsion number (SEN) 110-11 
Strong acid number 100, 102 
Sulphur in coal 126, 218 
Surface area 15, 17, 20, 191 
Surface energy 236 
Surface tension 179 


Surfactants 236 
Suspended solids 77, 79 


Temperature coefficient 27 
Temporary hardness 47, 52 
Third order reactions 194 
Threshold energy 16 
Titration solvents 8 

Total acidity 38, 100-102 
Total alkalinity 40 

Total chlorine residuals 66 
Total dissolved solids 81 
Total hardness 52, 54 
Total iron 139-45 

Total moisture 120 

Total nitrogen 170 

Total solids 77-8 
Turbidity 72; 208 


Ultimate analysis 125, 218-9 
Unworked grease 113 


Velocity constant 22 

Viscosity 86-90 

Viscosity index 86-7, 209 
Viscosity index improvers 209-10 
Viscosity pour point 210 
Viscosity temperature curves 87 
Viscous-static 210 

Volatile matter 122 

Volatile solids 78-81 

Volhard method 150 


Water 34 

Water emulsion test 110 
Wax pour point 210 

Wet steaming 180 

Wij’s solution 8, 107, 213 
Winkler’s method 57 
Worked grease 113 


Yield value 112 


Zero order reaction 195 
Zimmermann-Reinhardt reagent 224 
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Manual on Examination, testing, characterisation and evaluation ofa 
few materials of wide Industrial and- Engineering application. The i 
significance and practical utility of the various tests and the inferences ¥ 
drawn therefrom have been described in detail. The derivation of the 
formulas, where-ever used, the introduction, theory and related 
discussions are quite elaborate and touch the level of a Theory text. 
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Applied Chemistry at the various Engineering and Technical - i 
Institutions. The book will be useful to the students where Applied 
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